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Ways to cope 


Lessons from the past can help us deal with the pandemic’s mental health fallout 


THERE are still many unknowns 

about how this pandemic will play out. 
The immediate concern is rightly how 
to save lives. But another important 
question is the effect on the world’s 
long-term mental health. 

The future here is unclear and an 
ongoing global research effort to 
monitor and understand the mental 
toll is needed. Psychologists are 
already tooling up to find answers. 

In the meantime, one useful way to 
break down the problem is to examine 
the impacts on four groups, as we write 
in our special report (see page 40). These 
are the general population, families 
and children, vulnerable people and 
front-line workers. Past experiences 
of national trauma can be our guide 
and allow us to draw several ideas. 

First, the good news: many of the 
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potential negative consequences to our 
mental health can be avoided if we take 
good and timely action. 

Past experience also suggests that 
some groups will be hit harder. Existing 
mental health inequalities within 
society will widen, compounded by 
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can offer useful coping 
strategies for front-line 
healthcare workers” 


the financial insecurity brought on 
by the pandemic, which, as we saw 
after Hurricane Katrina in 2005, can 
exacerbate mental health issues. 

Those with pre-existing mental health 
problems are particularly vulnerable at 
atime when they are unlikely to have 
access to their normal means of support. 
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For them, advice isn’t enough — they 
must have access to professional 
psychological help, and we need more 
ways to deliver this remotely. 

Experience within the military can 
offer useful coping strategies for front- 
line healthcare workers. Team leaders 
must be primed to identify signs among 
staffthat normal levels of distress are 
turning into something more serious. 
Simple actions, such as a short 
conversation during times of acute 
stress, can improve long-term mental 
health outcomes. 

As we have already learned with the 
threat of this virus to our physical health, 
we can’t wait to have all the answers 
before we take action to identify and 
protect those most at risk. Doing so now 
will help mitigate the impact today, and 
for decades to come. ff 
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Concerns over UK advice 


Key scientific data and advice to the UK government won't be 
published until the coronavirus pandemic ends, reports David Adam 


THE minutes of meetings of the 
UK’s Scientific Advisory Group for 
Emergencies (SAGE) will only be 
made public when the current 
covid-19 outbreak is brought 
under control, according to Patrick 
Vallance, the UK government’s 
chief scientific adviser. 
In a letter sent in early April 
to MP Greg Clark, chair of the 
House of Commons science 
and technology committee, 
Vallance wrote: “Once SAGE 
stops convening on this 
emergency the minutes 
of relevant SAGE meetings, 
supporting documents and the 
names of participants (with their 
permission) will be published.” 
SAGE currently meets twice 
a week and passes advice to 


UK government ministers. The 
advisory group’s decision-making 
and membership have come 
under scrutiny because of the 
government's reluctance to 
announce strict social distancing 
measures to minimise infection. 
Critics also want to know why the 
government initially played down 
the importance of testing. 
Ministers have repeatedly said 
they are following scientific advice, 
and that such advice will be central 
to decisions on when and how to 
lift social distancing restrictions. 
“Tt’s disgraceful,” says Allyson 
Pollock, co-director of Newcastle 


University’s Centre of Excellence 
in Regulatory Sciences, UK, 

who co-signed a letter in The 
Lancet in March arguing that 
government advisers should be 
more transparent. “We ought to 
know who is advising the 
government.” Government 
employees and publicly funded 
university scientists — likely to 
make up a large number of SAGE 
members — are accountable to the 
taxpayer, she says. 

Government officials have 
published some details of the 
scientific research discussed by 
SAGE, including the results from 
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affected 


Patrick Vallance, centre, 
is the UK government's 
chief scientific adviser 


disease modellers at Imperial 
College London that prompted 
prime minister Boris Johnson 

to introduce broader social 
distancing restrictions in March. 

But other details remain secret, 
such as initial discussions over the 
controversial idea of developing 
“herd immunity” among the UK 
population, and the role played 
by behavioural scientists in 
government advice. Richard 
Horton, editor of The Lancet, has 
argued that public health advice 
should have been more prominent 
in SAGE’s decision-making. 

“I think they should be sharing 
who the key people are and 
minutes of their meetings,” 
says Devi Sridhar, a public health 
scientist at the University of 
Edinburgh, UK, who also signed 
the letter published in The Lancet. 
“I think transparency is incredibly 
important and we've taken this 
route in the Scottish Government 
COVID-19 Advisory Group. We 
share the names of members 
and minutes.” 

The refusal to publish 
minutes of SAGE meetings 
until the pandemic is over also 
contradicts the UK government’s 
own guidance. The 2011 Code of 
Practice for Scientific Advisory 
Committees says meeting 
minutes should be published 
“as soon as possible” and written 
in an “unattributable form” — 
meaning there is no need to 
identify members. Advisory 
committees “should operate 
from a presumption of openness” 
the code says, and also publish 
meeting agendas and final advice. 

According to Vallance, hundreds 
of scientists are feeding into the 
work of SAGE. One reason for not 
publishing the rolling membership 
of the committee is to shield those 
scientists from potential abuse if 
they are named publicly. 
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Sex differences 


Men hit harder by covid-19 


From lifestyle to immune system differences, there are a number of reasons 
why men may be more affected by covid-19, reports Graham Lawton 


WE KNOW that older people 

are more vulnerable to covid-19, 
but another major risk factor has 
emerged: being male. 

The first signs ofa sex difference 
in covid-19 severity emerged from 
hospital records in Wuhan, China, 
shortly after the city locked down. 
On 30 January, a team at Shanghai 
Jiaotong University School of 
Medicine published a report on 
99 covid-19 patients who were 
admitted to Jinyintan Wuhan 
hospital between 1 and 20 January. 
The researchers found that among 
those admitted, men outnumbered 
women by more than two to one. 

There has also been a sex 
difference among deaths. 
Mortality data from 21 hospitals in 
Wuhan between 21 and 30 January, 
for example, revealed that 75 per 
cent of those who died were men. 

Since then, larger studies from 
other countries have backed up 
these earlier findings. In England, 
Wales and Northern Ireland, for 
example, around 70 per cent of 
critically ill patients admitted to 
intensive care have been male, 
anda higher proportion of men 
than women have died. A study of 
more than 4000 covid-19 patients 
in New York City hospitals found 
that 62 per cent were male 
(medRxiv, doi.org/ggsjbw). 

The difference doesn’t appear 
to be caused by differential rates 
of infection: the New York study, 
for example, found that equal 
numbers of men and women 
catch the virus. But men are more 
likely to progress to severe illness 
and death. 

Two previous emerging 
coronavirus diseases, SARS and 
MERS, have also been found to 
disproportionately affect men. 
But this isn’t the case with 
respiratory infections generally. 
The report on England, Wales and 
Northern Ireland also looked at 
sex data on patients critically ill 
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Amedical centre screens 
aman for infection with 
the coronavirus 


with viral pneumonia between 
2017 and 2019, mostly due to 
influenza. There was an excess 
of men in this cohort too, but 
the ratio was less stark: 54 male 
deaths for every 46 female deaths. 
One possible reason for the sex 
difference is smoking. In China, 
over half of men smoke, but only 
5 per cent of women do. Tobacco 
smoke appears to cause lung cells 
to produce more ofa surface 
protein called ACE2, which the 
virus exploits to infect cells. This 
may mean that smoking makes 
cells more susceptible to the virus. 
However, according to an 
analysis by Hua Linda Cai at the 
University of California, Los 
Angeles, this hypothesis isn’t 
supported by the data. Current 
smokers only make up about 
12.5 per cent of people severely 
ill with covid-19 in China, she says, 


which is much lower than the 
proportion of smokers in the 
general population. 

Another possibility is that 
men - older men in particular— 
are in generally worse health than 
women. They tend to have higher 
rates of obesity, high blood 
pressure, diabetes, cancer and 
lung and cardiovascular disease, 
all of which have been linked to 
covid-19 severity. 


62% 


of covid-19 patients in New York 
City hospitals are male 


When the authors of the 
New York study factored these 
conditions into their analysis, 
they found that sex was no longer 
one of the main risk factors for 
severe covid-19. 

Another, not necessarily 
unrelated, idea is that women may 
naturally have stronger immune 
defences. “There are substantial 


differences in the immune system 
between males and females and 
these have a significant impact 

on outcome from a wide range 

of infectious diseases,” says 
immunologist Philip Goulder 

at the University of Oxford. 


Hormones and hygiene 


One key difference is that women 
have two X chromosomes per cell 
whereas men have one. “A number 
of critical immune genes are 
located on the X chromosome,” 
says Goulder, in particular the 
gene for a protein called TLR7, 
which detects single-stranded RNA 
viruses like the coronavirus. “As a 
result, this protein is expressed at 
twice the dose on many immune 
cells in females compared with 
males, and the immune response 
to coronavirus is therefore 
amplified in females,” he says. 

While one X chromosome is 
usually inactivated in each female 
cell, the TLR7 gene somehow 
escapes this in some immune 
cells, meaning women produce 
more of the protein. 

There is also some evidence 
that female sex hormones such 
as oestrogen and progesterone 
boost the immune system, 
but this hasn’t been specifically 
investigated in covid-19 yet. 

Another possibility is that 
men are simply less hygienic. 
They are less likely to comply 
with basic sanitation measures 
such as hand washing, says 
Kunihiro Matsushita of Johns 
Hopkins University in Maryland. 

A study of sex differences 
in China found that men with 
covid-19 in hospital were more 
likely than women to be carrying 
other viruses, including flu, and 
bacteria. It is possible that carrying 
more microbial pathogens may 
contribute to the severity of 
covid-19 symptoms. I 


Analysis Technology 


The problems with contact-tracing apps As countries look to 
ease restrictions and manage second waves of cases, apps are 
appealing but fraught with issues, reports Adam Vaughan 


IN Arare display of collaboration, 
Apple and Google recently joined 
forces to help contact-tracing app 
technology work effectively. Such 
apps are attractive to countries 
looking to exit lockdown, but 
there is growing evidence it will 
be difficult to make them work. 
Researchers at the University of 
Oxford released a report last week 
that simulated a city of 1 million 
people and found that 80 per cent 
of smartphone users in the UK would 
need to install a contact-tracing 
app in order for it to be effective in 
suppressing an epidemic: that is 56 
per cent of the national population. 
The UK's chief scientific adviser, 
Patrick Vallance, has indicated he 
thinks such apps might have a role 
to play in contact tracing, but that it 
would be a tall order to get 80 per 
cent of UK smartphone owners to 
use them. That is a tough target for 
the UK's NHSX, the National Health 
Service digital transformation unit, 
which is developing such an app. 
Surveys of 6000 potential app 
users in five countries suggest that 
nearly 74 per cent of UK smartphone 
users would be willing to install a 
contact-tracing app. The proportion 
who would do it in reality could be 
much lower, though. In Singapore, 
only an estimated 17 per cent of 
the population installed a contact- 
tracing app launched last month. 
The principle behind contact- 
tracing apps is fairly simple. Once 
installed, they use Bluetooth 
low-energy technology to record 
when a phone has come into close 
proximity with anyone else using 
the app. If either person later reports 
coronavirus symptoms, the other 
party is notified, so they could 
self-isolate or seek health advice. An 
alert could also be sent if a medical 
authority certifies the other person 


Bluetooth can help 
track which people have 
been near each other 


tested positive for the virus — this 
would be one way to avoid users 
trolling the system by falsely claiming 
symptoms. In theory, the apps only 
store anonymous data temporarily, 
without collecting location. 

Even if it were feasible to get 
a high number of voluntary 
installations, there is the big question 
of whether using Bluetooth to 
establish a contact works well, said 
Katina Michael at Arizona State 
University and Roba Abbas at the 
University of Wollongong, Australia, 
in ajoint email to New Scientist. 
“How reliable is the system to 
gather proximity information? The 
range of Bluetooth is much larger 
than 1.5 metres for social 
distancing,’ they said. 

Ross Anderson at the University 
of Cambridge says the range of 
Bluetooth can vary greatly depending 
on how people hold their phones, 
and whether they are indoors or 
outdoors. He also points out that 
the signals pass through walls, so 
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people in different rooms could be 
unnecessarily flagged as having 
had contact. The result could be a 
flood of false positives. The Oxford 
team, which is advising NHSX 

on its app, say the accuracy with 
which Bluetooth can be a useful 
proxy for virus transmission risk 

is “currently uncertain”. 

A further potential issue is the 
quality of the data. Michael and 
Abbas said they understand that 
many apps being considered 
would record contacts only every 
5 minutes, which might mean 
infectious contacts are missed. 

Other key issues include the 
level of trust between citizens 


a 


and governments, how privacy 

is preserved, whether apps are kept 

voluntary and how to also protect 

people who might not be able to 

install an app — a group that is likely 

to include many vulnerable older 

people. The American Civil Liberties 

Union last week laid out a list 

of principles, including the need 

for an exit strategy for such apps, 

to avoid such systems being 

maintained for “surveillance creep” 

after the epidemic has passed. 
Nevertheless, many countries 

are on the verge of deploying apps. 

Germany is expected to release one 


“Bluetooth can vary greatly 
depending on how people 
hold their phones and 
where they are” 


imminently, and Australia is working 
on one too. One of the most high 
profile apps has been Singapore's 
TraceTogether app, built by the city 
state’s government. But even its 
creators admit that it is too early 
to tell how effective it is. Moreover, 
“every country will have to develop 
its own app” because of different 
situations and requirements, Says 
a spokesperson at Pan-European 
Privacy-Preserving Proximity Tracing, 
a European technology initiative. 
Anderson says it would be better 
to recruit thousands of people to 
undertake the tracing manually. 
Vallance says apps should be part 
of a much broader contact-tracing 
approach, while the UK health 
secretary Matt Hancock said last 
week that such apps were a “critical” 
part of government efforts. 
However, the apps can only work 
amid a broader effort of testing and 


y tracing. “Contact-tracing apps are 
2 likely to be utilised as a means for 
: fighting the spread of covid-19. 
2 However, they cannot be used 

é in isolation. The apps themselves 
$ will not contain the spread,” said 
6 Michael and Abbas. § 
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Medical ethics 


Crisis hits end-of-life care 


The covid-19 pandemic has encouraged more people to make advance 
treatment decisions relating to CPR and ventilation, reports Clare Wilson 


THE coronavirus outbreak 

is forcing people to confront 
dilemmas around how much 
medical care should be given 

at the end of life and rush 
controversial decisions about 
turning down certain treatments, 
palliative care experts say. 

“The crisis has brought to the 
fore alot ofthe problems with 
decision-making around the end 
of life which have been simmering 
for ages,” says Celia Kitzinger 
at Cardiff University in the UK. 
“Coronavirus has lit the fuse.” 

These include concerns over 
whether some people receive 
excessive medical intervention 
such as CPR at the end of their 
lives, when it merely prolongs 
the dying process. Now, attention 
is also falling on whether everyone 
should get ventilation iftheir 
lungs fail, especially as there 
may not be enough machines 
to go around. Ventilation can be 
distressing and has little chance 
of success in the very old or those 
in poor health. 

People need to think about 
whether they would want to go 
ona ventilator, or go to hospital 
at all, says Kitzinger. She says 
those in the UK should make an 
advance decision, a legally binding 
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document about someone’s 
medical choices, or give a relative 
lasting power of attorney to make 
decisions on their behalf, although 
it can take months to set one up. 
Kitzinger is a founder of Advance 
Decisions Assistance, a charity 
that helps people take these steps. 
In the UK, many family doctors 
are now phoning or sending 
letters to patients who are older 
or who have underlying health 
conditions to discuss whether to 
opt out of interventions. “People 
are essentially being cold-called 
to make really difficult decisions, 
says Kathryn Mannix, a palliative 
care doctor in north-east England. 
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Personal choices for 
end-of-life care are being 
rushed due to coronavirus 


However, even if someone says 
they would want treatment, 
doctors can legally still decline 
if they think it would be futile. 
The UK’s National Institute for 
Health and Care Excellence (NICE) 
recently altered its new guidelines 
on who should get ventilation 
in response to claims these 
discriminated against people with 
autism or learning disabilities. 
The original version, released 
on 21 March, said people shouldn’t 
get ventilation ifthey are classed 


as frail, as gauged by a medical 
rating scale designed for older 
people. This category covers 
people who have problems with 
dressing or bathing, for instance. 
But people with autism or learning 
disabilities may be cognitively 
unable to carry out such tasks, yet 
still be physically robust enough 
to benefit from ventilation. 

A few days later, NICE changed 
its stance to say the guidelines 
don’t apply to people with autism, 
younger people or those with 
learning disabilities. They were 
developed in “a very difficult 
period of intense pressure”, a 
spokesperson told New Scientist. 

In Australia, people are 
being urged to set down their 
preferences in so-called advanced 
directives and to tell their relatives 
and family doctor about them. In 
the US, doctors are encouraged to 
discuss end-of-life care, and about 
a quarter of people have made 
some kind of advance decision. 

But covid-19 is making such 
conversations more common, 
says Shoshana Ungerleider, 
founder of End Well, a charity that 
promotes them. “I can’t imagine 
that [covid-19] won’t shift our 
perspective on this, at least for 
a short period of time.” 


Managing symptoms 


Can breathing exercises help 
protect you from covid-19? 


DEEP breaths and forced coughs 
could help clear mucus but are 
unlikely to help people with a dry 
cough and mild cases of covid-19, 
despite what advice on social 
media would have you believe. 
Breathing exercises help manage 
some respiratory conditions, like 
chronic obstructive pulmonary 
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disease. The aims of the exercises 
are to clear lungs of sticky mucus, 
coordinate your breathing with 
medication to deliver the optimal 
dose and to keep the airways open, 
says Michael Niederman at Weill 
Cornell Medicine in New York. 

The exercises often involve 
taking deep breaths and coughing 


up sputum, and doctors may 

suggest devices to help with this. 
On the face of it, simple 

breathing exercises, such as those 

recommended by a UK doctor 

in a viral video shared widely 

on Twitter, make sense for people 

with covid-19, says Niederman. 
In the video, the doctor 

recommends taking a deep breath 


The exercise is similar to others 
used in respiratory care, says 
Niederman. Deep breaths are 
generally a good idea, because 
they can encourage air into the 
depths of the lungs. If these pockets 
of the lung aren’t used, they can 
essentially close, and become at 
risk of infection, says Niederman. 


and holding it in before releasingit. “Taking deep breaths can be 


The doctor suggests repeating this 
five times, before finishing a final 


round of breathing with a big cough. 


helpful, but it isn’t a good 
idea to inhale through 
your mouth for them” 


Analysis Racialimpact 


Why are ethnic minorities worse affected? Inequalities 
mean a disproportionate number of covid-19 patients are 
from minority ethnic backgrounds, reports Layal Liverpool 


DURING the coronavirus pandemic, 
people from black, Asian and 
minority ethnic (BAME) backgrounds 
are being hit particularly hard, 
according to emerging data. 

The most recent figures compiled 
by the UK's Intensive Care National 
Audit and Research Centre suggests 
that of nearly SOOO people critically ill 
with covid-19 in England, Wales and 
Northern Ireland whose ethnicity was 
known, 34 per cent were from BAME 
backgrounds. But people from such 
groups make up only 14 per cent of 
the population of England and Wales, 
for instance. 

In the US, figures released by 
the Centers for Disease Control 
and Prevention on 18 April showed 
that of about 120,000 confirmed 
covid- 19 cases where race has been 
specified, 36 per cent were among 
non-white people, who account for 
23 per cent of the US population. 
Most were in black or African- 
American people, who comprise 
13 per cent of the population, 
but 30 per cent of all cases. 

The UK government has 
launched an inquiry into this over- 
representation, and Public Health 
Englandis the first UK health body to 
say it will begin recording covid-19 
cases and deaths by ethnicity. 

The differences are due to 
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“widespread health inequities”, 
says Linda Sprague Martinez at 
Boston University’s school of social 
work in Massachusetts. 

“Communities of colour are 
disproportionately impacted 
because of racism,” she says. 
“It's not about people’s biological 
make-up. It's about the conditions 
that are created due to racialised 
policies, and how that's impacted 
communities over time.” 

For example, poorer, more 
disadvantaged people - who are 


A pilot drive-through 
covid-19 testing site 
in Conyers, Georgia 


disproportionately from ethnic 
minorities — are more likely to have 
underlying health problems such as 
heart disease, diabetes and obesity 
that put them at increased risk of 
covid-19, says Sprague Martinez. 
“When we have environmental 
conditions that leave communities 
vulnerable, that’s when we see an 
increase in chronic disease,” she says. 
“That's the result of policies that have 
left those communities marginalised.” 
Inthe US, where healthcare isn't 
universally accessible, studies have 
found that black people miss out 
on treatment because of racially 
biased algorithms. They are also 
less likely to have health insurance 


and more likely to live in areas with 
fewer primary care doctors than their 
white counterparts. 

BAME individuals may also be less 
able to do social distancing at home. 
“It's disproportionately certain groups 


54% 


of adults critically ill with 
covid-19 in England, Wales and 
Northern Ireland are BAME 


that still have to go to work,” says 
Latifa Jackson at Howard University’s 
college of medicine in Washington DC. 

Inthe UK, 18 per cent of black 
people work in caring, leisure and 
other services that are either essential 
or jobs that can't easily be done from 
home. Inthe US, less than 20 per cent 
of black or African-American people 
can work from home. 

These factors may be 
compounded by racial bias and 
discrimination in healthcare. Studies 
have found that people from BAME 
groups may be treated differently 
because of healthcare professionals’ 
unconscious bias, says Jackson. This 
creates a system of advantage based 
onrace, Says Sprague Martinez. “We 
have to take that into account when 
thinking about why we're seeing 
differential impacts of covid-19." fl 


Deep breaths can also increase 
the amount of oxygen getting 
into the body, and the volume of 
carbon dioxide leaving it, says Ema 
Swingwood, chair of the Association 
of Chartered Physiotherapists 
in Respiratory Care. 

Although taking deep breaths 
can be helpful, it isn't generally 
a good idea to inhale through 
your mouth for them, as the 
doctor in the video does. 
Sucking in a big gulp of air 
can irritate an existing dry cough. 


Breathing in through your nose 
is a better idea, says Swingwood. 
“The nose warms and moistens 
the air that you take in,’ she says. 
“Breathing in dry air isn’t going 
to help you.” 

A hard cough at the end of 
a breathing cycle would help 
clear out mucus, says Niederman. 
The problem is that most people 
who develop a cough with 
covid-19 have a dry cough, says 
Swingwood. For those people, big 
coughs are unlikely to be helpful. 


Advice on social media also 
recommends lying on your 
front once you have completed 
breathing exercises. The idea is to 
take pressure off the lungs, which 
are located towards your back. 

In a hospital setting, turning 
a person over is thought to allow 
oxygen to reach other parts of 
the lungs. But the decision to turn 
patients onto their fronts is made 
only after considering a range of 
factors, and doctors monitor how 
they respond to the new position. 


Swingwood is concerned that 
people who are struggling to breathe 
could try to manage symptoms at 
home rather than seek help. “We 
want to make sure that people 
are reporting their symptoms and 
getting timely treatments,” she says. 

Breathing exercises won't stop 
people from getting covid-19, 
either. “I don’t think we know 
completely, but it’s unlikely to cause 
any extra benefit over going fora 
good old walk,” says Swingwood. | 
Jessica Hamzelou 
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News 


Technology 


Vibrating clothes 
evoke the feeling 
of wearing acloud 


Alice Klein 


THE next big thing in fashion 
may be vibrating clothes that 
elicit the sensations of clouds, 
water and rocks on the skin. 
Ana Tajadura-Jiménez at 
Charles III University of Madrid 
in Spain and her colleagues sewed 
tiny vibrating motors - each 
10 millimetres across and 
3 millimetres thick — into three 
materials: jersey fabric, fluffy 
polyester and smooth polyester. 
They programmed the motors 
to vibrate in specific patterns by 
connecting them via wires toa 
pocket-sized control board and 
battery pack, then placed the 
materials on the arms, backs 
or hands of 19 people. 
The volunteers were asked to 
describe the resulting sensations 
using anumber of terms. 


“Expanding circles of 
vibration led to a sensation 
that was described in 
cloud-like terms” 


The researchers placed these 
responses into one of three 
categories: cloud, rock or water. 
For instance, if someone described 
the feeling on the skin as soft, cosy 
and warm, their response went in 
the cloud category (Frontiers in 
Robotics and Al, doi.org/dr8n). 
Certain patterns tended to 
produce similar sensations: 
for example, expanding circles 
prompted responses that fell into 
the cloud category. The type of 
material also had an effect, with 
vibrations passing through fluffy 
polyester feeling more “watery” 
and those travelling through 
smooth polyester more “rocky”. 
The team also created a dress 
that gives rise to similar sensations, 
as part of work to design clothes 
that can be “experienced”, says 
Tajadura-Jiménez. “Clothes have 
so much potential for caring for 
us,” she says. I 
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Geology 


Volcanic eruption caused 
by torrential rain 


Michael Marshall 


THE huge eruption of Kilauea 
volcano on Hawaii in 2018 was 
triggered by extremely heavy 
rains, according to anew 
analysis. The water caused 
pressure to build up deep inside 
the volcano, fracturing the rock 
and allowing hot magma to rise. 

The finding bolsters the idea 
that rainfall can affect volcanoes 
and thus that climate change 
could lead to more eruptions. 

Kilauea began erupting at 
the end of April 2018, when the 
floor ofits lava lake collapsed. 
The volcano crumbled and 
huge volumes of magma flowed 
over the landscape, eventually 
reaching the coast. The eruption 
continued for months. 

Why it happened was unclear. 
The volcano didn’t expand in 
the weeks before, which would 
have indicated new magma 
entering from below. Instead, 
the upper rocks that keep the 
magma trapped must have been 
weakened, allowing it to escape. 

Jamie Farquharson and Falk 
Amelung at the University of 
Miami in Florida noticed that 
Hawaii had unusually heavy rain 
in early 2018.On14to 15 April, 


1.26 metres of rain fell within 
24 hours-—a US record. In the first 
three months of 2018, Kilauea 
had 2.25 metres of rain, when it 
would normally get 0.9 metres. 
Previous research suggests 
that passing storms can cause 
small explosions when they 
interact with unstable material 
on the surface ofa volcano, 
says Farquharson. For instance, 
the Soufriére Hills volcano on 
Montserrat in the Caribbean 
erupts more after heavy rain. 
“Our study goes further,” says 
Farquharson. He and Amelung 
used rainfall data to calculate 
how much pressure built up 
inside the volcano as a result 
of increased groundwater, 
finding that, in early 2018, 


2.25mM 


of rain fell on Kilauea volcano 
in first three months of 2018 


the pressure was at its 

highest for almost 50 years. 
They suggest that pressure 
fractured the rock, letting 
magma rise and erupt (Nature, 
DOI: 10.1038/s41586-020-2172-5). 


Kilauea volcano 
on Hawaii heavily 
erupted in 2018 


This is backed by historical 
evidence. The pair found that 
about 60 per cent of Kilauea’s 
reported eruptions since 1790 
began during the five-month 
rainy season. Notably, a 
spectacular eruption in May 
1924 was preceded by extreme 
rain. Furthermore, magma 
seems to be more likely to ooze 
into the volcano from below 
when internal pressure is high. 

“It’s definitely a possibility of 
explaining this eruption,” says 
Carolina Pagli at the University 
of Pisa in Italy. She says previous 
claims of “volcano weather” 
haven't stood up to scrutiny, 
but here the historical data 
is “particularly convincing”. 

The finding could help 
improve eruption warning 
systems for Kilauea, says Pagli. 

“Tam notat all surprised,” 
says Bill McGuire at University 
College London, who has long 
argued that climate change 
will trigger more volcanic 
eruptions, earthquakes and 
tsunamis as melting ice sheets 
and extreme rainstorms alter 
the pressures that control 
geological phenomena. 

“The fact that tropical 
cyclones are already getting 
much wetter, and will become 
more so, could mean that 
they will provide increasingly 
effective triggers for eruptions 
at tropical volcanoes that 
are primed and ready to go,” 
says McGuire. 

Farquharson says this may 
be the case, but every volcano is 
unique. “The study is concerned 
solely with Kilauea volcano and 
cannot necessarily be applied 
more generally without further 
detailed research.” 8 
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News 


Particle physics 


Why matter exists at all 


Neutrinos may have caused a cosmic imbalance that explains our existence 


Leah Crane 


WE ARE getting closer to 
understanding why the universe 
is made of matter and not 
antimatter. It may be all down 

to how neutrinos change flavour. 

Our leading theories tell us 
that in the moments after the big 
bang, there was an equal amount 
of matter and antimatter. The two 
annihilate when they meet, which 
means the universe should contain 
energy and no matter. Somehow, 
a significant chunk of matter 
avoided this fate, and ultimately 
turned into stars, planets and 
people. Why this happened is 
a long-standing mystery. 

But there are clues. Theory tells 
us that for each type of matter 
particle there is an antimatter 
particle that is an exact match 
apart from having an opposite 
electrical charge, a concept called 
CP symmetry. For matter to have 
survived the early universe, there 
must be other differences between 
matter and antimatter—these 
differences are called CP violation. 

CP violation has been measured 
in some particles, called quarks, 
but the level isn’t nearly enough 
to explain the observed imbalance 
between matter and antimatter. 
Now, the Tokai to Kamioka (T2kK) 


Archaeology 


Alcan tell who's 
responsible for 
ancient faeces 


DOG faeces can still be troublesome 
thousands of years after being 
dumped, confusing archaeologists if 
they are mistaken for human waste. 
Now an artificial intelligence system 
has been created to discern the two. 
Ancient faeces, or coprolites, can 
be a valuable source of information 
about the identity, diet and health 
of people who lived thousands of 
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collaboration has observed hints 
that CP violation in neutrinos may 
be able to make up the difference 
(Nature, doi.org/ggr7dw). 

There are three flavours of 
neutrino: electron, muon and tau. 
As they travel, they can switch, 
or oscillate, between flavours. 

The T2K experiment in Japan 
measures those oscillations by 
shooting beams of neutrinos 

or antineutrinos 295 kilometres 
through the ground and 
measuring which flavours are there 
at the start and end ofthe journey. 


years ago. But dog faeces, which 


Federico Sanchez and his 
team at T2K examined about a 
decade’s worth of dataon muon 
neutrinos and antineutrinos 
changing flavour, looking for 
differences between the 
oscillations of the neutrino and 
antineutrino beams. The results 
come close to ruling out total CP 
symmetry, instead implying that 
there is significant CP violation. 


When matter and 
antimatter meet, 
they annihilate 


Dog faeces often contain 


are a similar size and shape, are also §9=>human DNA, thanks to dogs’ 


common at many archaeological 
sites. “It is challenging to tell them 
apart,” says Maxime Borry at the 
Max Planck Institute for the Science 
of Human History in Jena, Germany. 
So his team has developed a 
method of identifying the source 
of ancient stools by sequencing the 
DNA preserved inside them. You 
might think that looking for human 
or dog DNA would be enough to 
reveal the identity of the dumper, 
but it isn’t that simple. 


taste for tucking into the turds 
of other animals, including 
those of humans. On the flip 
side, ancient human faeces often 
contain dog DNA, because eating 
dogs was once commonplace in 
many communities. 

Because of this, Borry’s method 


“Coprolites can tell us 


about the identity, diet and 
health of people who lived 
thousands of years ago” 


Over the past decade, hints of 
CP violation in T2K data have been 
slowly building. “The picture that’s 
in this paper has been emerging 
gradually,” says Edward Blucher 
at the University of Chicago. 

“This has been like a photographic 
image that’s been getting sharper 
and sharper over the last decade.” 

We aren't yet certain that 
neutrino oscillations violate 
CP symmetry, though. “The most 
probable solution is maximal 
CP violation, but we haven’t 
disproved all possible ways to get 
no CP violation,” says Sanchez. 

Even if the oscillations do 
produce the maximum possible 
amount of CP violation, that 
may not be enough to fully 
explain the imbalance between 
matter and antimatter. 

“Studying the universe is like 
building a building, so you have 
to understand and measure every 
brick,” says Sanchez. “If, in the 
end, this is not enough to produce 
matter-antimatter asymmetry, 
fine —it is still an important brick.” 

The amount of CP violation in 
neutrinos will probably be found 
by experiments being worked on 
now, like the T2HK experiment 
in Japan or DUNE in the US. 8 


looks at all the DNA in a coprolite, 
including that of the microbes living 
in the gut, which vary from species 
to species. His team trained a 
machine learning system dubbed 
coprolD using existing data on 
human and canine microbiomes. 
When tested on seven soil 
samples and 13 coprolites, the 
Al was able to name the origin 
of seven of the faeces samples, 
and didn’t falsely assign any of the 
soil specimens to humans or dogs 
(Peer, doi.org/dr8x). 1 
Michael Le Page 


Astronomy 


Interstellar comet 
Borisov came from 
acold home star 


Leah Crane 


THE composition of interstellar 
comet Borisov reveals that 

it may have formed in a cold, 
dark stellar system, according 
to two sets of observations. 

The comet was spotted in 
September 2019, flying towards 
Earth on a trajectory indicating 
that it must have come from 
another star. It was only the 
second interstellar object we 
have definitively identified, 
and the first interstellar comet. 

As the comet reached its closest 
point to Earth in December and 
January, passing just outside the 
orbit of Mars, astronomers around 
the world pointed their telescopes 
in its direction in the hope of finding 
out more about what it is made of. 

Martin Cordiner at NASA's 
Goddard Space Flight Center in 
Maryland led a team that observed 
Borisov with the Atacama Large 
Millimeter/submillimeter Array 
in Chile, and Dennis Bodewits 
at Auburn University in Alabama 
and his colleagues used the 
Hubble Space Telescope. 

Both groups used their 
observations to analyse the 
chemical composition of Borisov’s 
coma - the cloud of gas that forms 
around a comet as heat from a star 
warms it. Most comets in our solar 
system have comas made mostly 
of water, but Borisov’s appears to 
comprise mostly carbon monoxide 
(Nature Astronomy, doi.org/dshz, 
doi.org/dsh2). 

“It was quite shocking to look 
at the data and see all this carbon 
monoxide,” says Cordiner. The 
chemical signatures indicate that 
Borisov formed in a stellar system 
that wasn't quite like our own. 

“Carbon monoxide ice 
disappears very easily when 
you heat it, so we think that 
Borisov formed in a system 
that was colder than ours,” says 
Bodewits. “It’s a sort of snowman 
from a cold and dark place.” I 
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Health 


We're more negative after 
five nights of less sleep 


Jessica Hamzelou 


IF YOU have five consecutive 
nights of restricted sleep, it 
will not only leave you sleepy 
and grumpy, it may also 
make you view other people’s 
reactions more negatively. 

We know that sleep 
deprivation can affect the 
way a person thinks and 
functions. But sleep restriction, 
in which a person gets less 
sleep than is normal for them, 
is far more common. 

To find out how it might 
affect our cognition, Daniela 
Tempesta at the University 
of LAquila in Italy and her 
colleagues asked 42 volunteers 
to restrict how much sleep 
they got for five days. 

First, each participant wore 
a device on their wrist that 
tracked their normal sleep 
for five consecutive nights, 
during which they typically 
slept for around 7 to 8 hours 
anight. The volunteers filled 
out questionnaires to assess 
their mood, sleepiness, 
energy and concentration. 

They then looked at a series 
of cartoon images of people 
expressing a range of emotions 


and scored them ona scale 
of one to nine, based on how 
positive or negative they 
thought the image was. 

The following week, the 
volunteers were told to stay 
awake until 2 am, then go to 
sleep and wake up at 7 am. 
Tempesta and her colleagues 
confirmed when the 
participants were asleep and 
awake by checking data from 


2am 


Time at which volunteers 
were allowed to go to sleep 


the wrist devices and called the 
participants if they failed to 


wake up at the designated time. 


At the end of the five days 
of restricted sleep, the 
volunteers repeated the 
questionnaires and image 
scoring tasks. Unsurprisingly, 
these indicated that they were 
more tired and sleepy after 
the restricted sleep. They were 
also less alert, and in a more 
negative mood (Journal of 
Sleep Research, doi.org/dr7b). 

In addition, the volunteers 


Many of us are 
likely to be getting 
restricted sleep 


ranked positive and neutral 
images more negatively when 
they hadn't had enough sleep. 
This suggests that restricting 
sleep dampens our ability 

to experience pleasure, says 
Jason Ellis at Northumbria 
University, UK. 

“The likelihood is that 
people [who aren’t getting 
enough sleep] are going to be 
less appreciative of general 
niceties and less responsive to 
compliments,” says Ellis. A lack 
of sleep will leave us more likely 
to misinterpret other people’s 
reactions, including over video 
calls platforms like Skype and 
Zoom, which often solely show 
a person’s face, he says. 

“If you've not slept very well, 
you may end up feeling less 
happy about a meeting ora 
response to a question, because 
you won't be able to interpret 
pleasantness from someone 
else’s response,” say Ellis. 

This is probably because we 
get less REM sleep when our 
sleep is restricted. This phase 
of sleep tends to occur more 
towards the end ofa sleep 
period, and is when we typically 
have our most vivid dreams. 

It is thought that REM sleep 

is important for processing 
emotions. Recent research 
suggests that we have our most 
intense dreams when our brains 
are processing emotionally 
powerful experiences. 

More of us are likely to be 
affected during the covid-19 
pandemic, says Ellis. This may 
be because the increased 
stress and anxiety during the 
lockdown can affect sleep. Key 
workers doing long shifts may 
also not get enough rest. If 
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News 


Origins of life 


Was first life fuelled by metal? 


Early organisms may have relied on nickel sulphide to sustain themselves 


Michael Marshall 


NICKEL sulphide can transform 
simple chemicals into many of 
the substances that underpin life. 
The finding is one of several recent 
studies indicating that metals can 
kick-start life-like processes. 

Modern organisms such as 
plants convert carbon dioxide into 
sugars by carrying out intricate 
cycles of chemical reactions. 
These reactions are controlled 
by molecules called enzymes, 
which are too complicated to 
have existed when life started. 

So Claudia Huber at the Technical 
University of Munich in Germany 
and her colleagues have been 
studying whether other, 

simpler chemicals can make 

the reactions work. 

The researchers began with 
two carbon-based chemicals: 
carbon monoxide and acetylene. 
Both are thought to have been 
present when Earth was young. 
They mixed them with nickel 
sulphide, acommon mineral, 
and heated them to 105°C -the 
sort of temperature seen in 
water heated by volcanic rocks. 

The result was a smorgasbord 
of carbon-based chemicals, 
including acetate, pyruvate 
and succinate (Life, doi.org/dr83). 
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These chemicals are found in the 
metabolic processes used by all 
microorganisms, says Huber. 

It doesn’t stop there. “Our 
products undergo further 
reactions in the same system”, 
mimicking those that take place in 
living cells, says Huber. She thinks 
that the kind of carbon fixing 
reactions we see in plants and 
bacteria today could have evolved 
from these systems. 

Ina 2016 study, Huber’s team 
showed that the same mix of 
chemicals can produce fatty lipids, 
which could have formed the 
outer membranes of the first cells. 

“They've been thinking about 


the connections to carbon fixation 
chemistry, which I think is a 

good thing to think about,” says 
Joseph Moran at the University 

of Strasbourg in France. 

However, Moran isn’t convinced 
that acetylene and carbon 
monoxide are the most likely 
starting points. “Everyone agrees 
carbon dioxide would be present 
on the early Earth and we know 
that’s how life gets its carbon 
today, so that would be the ideal 
feedstock,” he says. 


Nickel sulphide may 
have helped early life 
get the carbon it needed 


The issue is that carbon dioxide 
is fairly unreactive, so minerals 
like nickel sulphide don’t give 
enough of a chemical push to 
convert it into other substances. 
Huber’s team avoided this 
problem by replacing carbon 
dioxide with the more reactive 
acetylene and carbon monoxide. 

However, in his own research 
Moran has used carbon dioxide, 
mixing it with more potent 
drivers. “In our work we use 
metallic iron,” he says. “It’s 80 per 
cent of the core of the Earth, and 
it’s in meteorites.” 

In a series of recent papers, 
Moran’s team has shown that 
iron converts carbon dioxide 
into the chemicals found in many 
metabolic processes, and those 
chemicals then start up simple 
versions of these processes, 
without the need for enzymes. 

Huber says Moran and his 
colleagues are doing valuable 
research into the earliest 
metabolism - particularly since 
it also focuses on the importance 
of fixing carbon. 

“I’m very hopeful that there'll 
be, in short order, non-enzymatic 
versions of all the metabolic 
pathways,” says Moran. # 


Technology 


The US Army has 
a 3D printer for 
ultra-strong steel 


A GIANT, high-speed 3D printer 
is producing large, ultra-strong 
steel components and weapons 
for the US Army. It may also have 
non-military uses. 

The prototype printer, 
commissioned from 3D Systems 
in South Carolina for $15 million, 
can create objects up to a volume 
of 1 by 1 by 0.6 metres. The firm 
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Calls it the largest, fastest and most 

precise steel printer ever made, 

big enough to print entire parts for 

military vehicles, such as hatches. 
The US Army also had to develop 

anew kind of 3D-printing “ink”, 

or feedstock. “Our big limitation 

was the feedstock material,” 

says Brandon McWilliams at the 

US Army Research Laboratory, 

Maryland. “We needed to be able to 

print something with high strength 

for armoured or ruggedised parts.” 
His team took a nickel-alloy steel 

called AF96 that was developed for 


bunker-busting bombs and adapted 
it to the printing method, which 
lays down layers of powdered 
metal and fuses them with a laser. 
“We weren't sure if you could 
print with it,” says McWilliams. 
“We did not know if we would get 
the same properties. In fact, we got 
better.” The 3D-printed alloy turned 
out to be 50 per cent stronger than 


“The 3D-printed steel alloy 


is 50 per cent stronger 
than the same material 
when cast or forged” 


the same material when cast or 
forged, thanks to its microstructure. 

Aprototype printer is due to be 
fully operational in the next few 
months. If it is successful, steel 
parts could be routinely printed 
within two to three years, says 
McWilliams. Such printers could 
also produce instant spares near 
the front line. 

Being able to print parts on 
demand will make it easier to repair 
old or obsolete kit, says Connor 
Myant at Imperial College London. I 
David Hambling 
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News In brief 


Computing 


Quantum chips 
heat up -a tiny bit 


FOR the first time, quantum 
computer chips have been 
operated at a temperature above 
-272°C, or 1kelvin. That may still 
seem frigid, but it is just warm 
enough to potentially enable a 
huge leap in their capabilities. 
Quantum computers are made 
of quantum bits, or qubits, which 
can be built in several ways. One 
that is receiving attention from 
some of the big players consists 
of electrons ona silicon chip. 
These systems usually function 
only below 100 millikelvin, 
or -273.05°C, so the qubits 
have to be stored in powerful 
refrigerators. The electronics 
that power them won't run at 
such low temperatures, and also 
emit heat that could disrupt the 
qubits, so they are generally stored 
outside the refrigerators with 
each qubit connected by a wire 
to its electronic controller. 
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This makes it hard to scale up. 
“Tt works for two qubits, but not for 
a million,” says Menno Veldhorst 
at QuTech in the Netherlands. 

Veldhorst and his colleagues, 
along with another team led by 
researchers at the University of 
New South Wales (UNSW) in 
Australia, have now demonstrated 
that these qubits can be operated 
at higher temperatures. 

The UNSW team was able to 
control the state of two qubits 
on achip at temperatures up to 
1.5 kelvin, and Veldhorst’s group 
used two qubits at 1.1 kelvin in 
what is called a logic gate, which 
performs the basic operations 
that make up more complex 
calculations (Nature, doi.org/ 
ggsbjk and doi.org/dr7r). 

Now qubits can function at 
higher temperatures, the next step 
is incorporating the electronics 
onto the same chip. “I hope that 
after we have that circuit, it won’t 
be too hard to scale to something 
with practical applications,” 
says Veldhorst. Leah Crane 
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Space flight 


Being in space for a long 
time increases brain volume 


ASTRONAUTS’ brains increase in 
volume after prolonged periods 

in space, causing pressure to build 
up in their heads. This may explain 
why some astronauts have vision 
problems after returning to Earth. 

"This raises additional concerns 
for long-duration interplanetary 
travel, such as the future mission 
to Mars,” says Larry Kramer at 
the University of Texas Health 
Science Center at Houston. 

Kramer and his colleagues 
scanned the brains of 11 astronauts 
before they spent about six months 
on the International Space Station, 
and at six points over the year 
after they returned to Earth. All 
the astronauts had increased brain 
volume - including white matter, 
grey matter and cerebrospinal 
fluid - after returning from space 
(Radiology, doi.org/dr7h). 


Animal behaviour 


Bats copy calls in mini 
recording studios 


BATS can learn to mimic specific 
sounds, which puts them into 
an elite group of animals. 

Ella Lattenkamp at the 
Max Planck Institute for 
Psycholinguistics in Nijmegen, the 
Netherlands, and her colleagues 
put six adult pale spear-nosed 
bats in mini recording studios 
equipped with microphones, 
speakers and remote-controlled 
feeding devices. They then trained 


Under normal gravity, it is 
thought that fluid in the brain 
moves downwards when we stand 
upright. But there is evidence that 
the microgravity of space prevents 
this, resulting in an accumulation 
of fluid in the brain and skull. 

The astronauts’ brain volume 
increased by 2 per cent on average, 
which could result in higher 
intracranial pressure, says Kramer. 
He suspects this might press on the 
optic nerve, potentially explaining 
the reported vision problems. 

Kramer's team is working on 
methods to counteract the brain 
changes by using artificial gravity. 
These pull blood back towards the 
feet and could include a human- 
sized centrifuge that would spin a 
person around at high speed, or a 
vacuum chamber around the lower 
half of the body. Layal Liverpool 


the bats to imitate their own calls 
by bribing them with mashed 
banana if they repeated the sound. 

The researchers recorded the 
bats’ calls, then manipulated the 
recordings to lower the frequency. 
They then repeatedly exposed 
the bats to different sounds, 
rewarding the animals whenever 
they imitated one correctly. 

Within 30 days, all six bats had 
learned to lower the frequency of 
their calls to mimic the recordings 
(Biology Letters, doi.org/ggr7gn). 

The ability to imitate sounds, 
called vocal production learning, 
is rare. Humans can do it, as can 
some birds, as well as elephants, 
seals, dolphins and whales. 

It is difficult, says Lattenkamp. 
“You have to memorise the sound, 
produce it and then you have 
to hear again what you just 
produced and compare it with 
the template in your head.” 

Vocal production learning 
is crucial for speech, so studying 
it in other mammals may show 
how it developed in humans. LL 
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Really brief 


Megadrought due 
to climate change 


Climate change caused by 
humans turned a moderate 
drought in the US and 
Mexico into one of the 
driest periods in more 
than a millennium. The 
drop in rainfall in recent 
decades due to climate 
change may have made 
the drought as much as 
47 per cent more severe 
(Science, doi.org/dr9b). 


Star's orbit creates 
spirograph in space 


Astronomers have used 
27 years of observations 
of a star's movements 

to work out the strange 
pattern it traces. Star 

S2 creates a spirograph 
shape as its orbit rotates 
around the black hole in 
the centre of our galaxy. 
This happens because 

the hole warps space-time 
(Astronomy & Astrophysics, 
doi.org/dr89). 


Lemurs have fruity- 
smelling wrists 


Male ring-tailed lemurs 
produce a sweet, fruity 
aroma from glands on 
their wrists, which seems 
to attract females during 
breeding season. The 
chemicals responsible for 
the smell may be the first 
sex pheromones identified 
in primates (Current 
Biology, doi.org/dr7c). 


DEEPOL BY PLAINPICTURE 


Artificial intelligence 


Alturns aconvertible 
into a hatchback 


ARTIFICIALLY intelligent 
algorithms that create images 
can be difficult to predict and 
control. But now researchers at 
Adobe have devised Al-controlled 
software that lets you transform 
the objects in images, and adjust 
the lighting and perspective, 
with a few simple controls. 

Given a photo ofa car, you 
can use several control sliders 
in the program to adjust its shape 
and style, background, lighting 


Microbiome 
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conditions and colour. Dragging 
a slider can instantly change a 
convertible into a hatchback, say. 

The program also works 
for photos and artwork of 
human faces, allowing you 
to convincingly alter features 
including age, wrinkles, hair 
colour, hairline, head angle and 
facial expression (arxiv.org/ 
abs/2004.02546). 

Erik Harkonen at Adobe 
Research in Finland and his 
colleagues built the program 
using existing algorithms called 
generative adversarial networks 
(GANs). GANs are comprised of 


Breastfed babies have 
different viruses in their guts 


WHETHER or not a baby is breastfed 
seems to affect the make-up of 
the viral community in its gut. 

The collection of bacteria in 
our guts, known as the microbiome, 
can help keep us healthy, and 
its disruption has been linked 
to conditions including obesity, 
diabetes, depression and 
Parkinson's disease. But little is 
known about the viruses there. 

“In a healthy adult, if we take 
some poop and purify the virus-like 
particles, we find something like 
a billion particles per gram,” says 
Frederic Bushman at the University 
of Pennsylvania. He and his 
colleagues collected faecal samples 


within a few days of the birth of 
20 babies, and again when the 
infants were 1 and 4& months old. 
At birth, only three of the babies 
seemed to have any virus in their 
meconium - their earliest stool. 
But within a month, the babies had 
adult-levels of virus. This suggests 
babies are born virus-free, and 
collect their first viruses either during 


birth or shortly after, says Bushman. 


Most of these viruses seem to 
be of the type that infect bacteria, 
but some infect human cells. 
Viruses of this type were less 
common in babies that had been 
breastfed, the team found (Nature, 
doi.org/dr7t). Jessica Hamzelou 


two competing Als. One generates 
an image and the other has to 
distinguish whether it is real 

or fake. After several rounds, 

the generator becomes so skilled 
that the other Alcan no longer 
tell the difference. 

One of the Als the researchers 
used was BigGAN, a DeepMind 
algorithm that has been trained 
on thousands of images 
associated with particular objects 
or animals, such as tools or birds. 

The researchers say the work 
shows how to create images with 
existing Als, without needing to 
train new algorithms. DonnaLu 


Solar system 


Space rock may have 
broken its neck 


WE NOW have not one but two 
explanations for how the Kuiper 
belt object Arrokoth was able to 
Keep its curious two-lobed shape 
despite being hit by a large rock. 

A large portion of Arrokoth’s 
smaller 15-kilometre-wide lobe 
is taken up by the Maryland 
crater, which measures about 
7 kilometres across. The object 
that made it must have been 
several hundred metres wide, 
and hit it at a relative speed of 
about 6400 kilometres per hour. 

The force of such an impact 
should have broken the two 
lobes apart. Instead, they 
remain joined by a “neck”. 

Masatoshi Hirabayashi at 
Auburn University, Alabama, 
and his colleagues propose 
two scenarios: that the impact 
broke the original neck of the 
object and Arrokoth reformed 
ina different orientation, or 
the neck survived the impact, 
suggesting that objects shaped 
like this are stronger than we 
thought (The Astrophysical Journal 
Letters, doi.org/dr7w). 

Both scenarios are plausible, 
but Hirabayashi says that bright 
material seen around the neck 
may be from landslides caused by 
vibrations when the neck broke. 
Jonathan O’Callaghan 
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STEM 
CAREERS 
IN THE 


BREXIT ERA 


The UK's exit from the EU 
has had a mixed effect on 
scientists’ assessment of 
their international mobility 
and future job market 
prospects, according to 
the 2020 STEM Survey 


the headlines, and it remains to be seen 

what its long-term impact on the UK’s 
economy and jobs market will be. Yet the 
pandemic has pushed another very real shift 
in economic conditions out of the news. After 
years of debate and political posturing, the UK 


Cire restnes is currently dominating 


left the European Union on 31 January this year. 


The transition period, in which the country is 
still in the European single market and EU 
customs union, is due to end on 31 December 
2020, regardless of the coronavirus situation. 

Before the outbreak worsened, the 
2020 STEM Survey, produced by New Scientist 
in association with science, technology, 
engineering and medicine specialist recruiter 
SRG, asked employers and employees how 
they thought Brexit would affect the jobs 
market in the STEM sector. Overall, the survey 
revealed that scientists’ views on moving jobs 
internationally seem to have been mildly 
improved by the finality of Brexit. 

This year’s survey reached nearly 
3000 people working in roles in STEM. The 
overwhelming majority were in the UK, with 
a handful based in other European nations. 
Arguments over Brexit have simmered for 


years, but the finality of the Brexit deadline 
seems to have changed a few minds regarding 
whether they would consider moving countries 
for ajob compared with last year. Our previous 
survey found that 23 per cent of UK respondents 
would consider it, while this year 28 per cent of 
them would. In the rest of Europe, the figure 
rose from 34 to 45 per cent. 

Concern about moving jobs was strongest 
in academia. One respondent said they had 
“decided not to make any moves for the 
foreseeable future due to uncertainty”. 

Another worry was skills shortages. Last 
year, the UK government announced plans to 
impose a £30,000 minimum salary condition, 
which currently applies to non-EU nationals 
who want to work in the UK, to EU nationals 
seeking jobs in the country after Brexit. Some 
UK respondents were anxious that this could 
mean fewer scientists from continental Europe 
would be able to join their teams, leaving 
knowledge gaps. “I work for the NHS,” one 
person told us. “Many important positions 
are below that pay threshold.” Others believed 
it would be less of an issue: “This threshold 
seems sufficiently low that it would not be 
a barrier to recruiting the same people.” 


In association with —} C 
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When asked where they thought the salary 
threshold should be placed, nearly half ofall 
the people we surveyed said they would get rid 
of it altogether. The percentage of respondents 
in continental Europe who wanted to abolish 
the threshold was slightly higher. Yet more 
respondents in Europe than in the UK would 
opt to keep it at £30,000. One possibility is 
that this suggests UK workers are more acutely 
aware of the skills gap the country faces and so 
want to lower the threshold. Meanwhile, the 
EU workers who want to keep the threshold 
at £30,000 might be more concerned about 
competition for jobs in the UK and are 
seeking to lower competition. 

Some worries that Brexit will make the UK a 
less appealing place to work may be addressed 
by the UK government’s announcement in 
January ofa new visa scheme intended to attract 
international scientists. You will have to wait 
for next year’s survey to find out. 


To browse thousands 
of jobs, search online 
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Comment 


Dreamy mathematics 


Srinivisa Ramanujan’s mathematics seemed to come from a parallel universe 


Culture columnist 
Jacob Aron on 
post-pandemic 
video games p30 


and we are still trying to understand it today, say Ken Ono and Robert Schneider 


RINIVASA RAMANUJAN 
S was a mathematician like 

no other. He had almost 
no formal training yet produced 
some ofthe most stunning 
mathematical results ofall time. 

This month marks the 100th 
anniversary of Ramanujan’s death. 
Yet his extraordinary ideas and 
remarkable life story are still 
highly influential in mathematics, 
including in inspiring both of us 
to pursue mathematical research. 

Ramanujan was born in 1887 
and became obsessed with 
mathematics as a teen. He spent 
so much time making original 
discoveries in mathematics that 
he flunked out of college — twice! 

In 1913, he sent anow-legendary 
letter to G.H. Hardy, a 
mathematician at the University 
of Cambridge. In pages upon pages 
of dense formulae, Ramanujan 
seemed to report from a parallel 
universe. He later said he saw the 
equations in his dreams. 

The formulae lacked 
explanations. Some were well 
known, yet presented as original 
results; some claims were 
impossible but displayed a wildly 
creative flair; and some formulae 
were so breathtaking that Hardy 
wrote: “They must be true 
because, if they were not true, 
no one would have had the 
imagination to invent them.” 
Hardy was beyond intrigued, 
and invited Ramanujan to join 
him in Cambridge. 

When Ramanujan arrived in the 
UK, Europe was at the edge of war, 
and seismic shifts were taking 


place in the spheres of art, music, 
literature and civil rights. 

Over the next five years, 
Ramanujan and Hardy 
would introduce a host of 
groundbreaking ideas in the field 
of number theory. From advances 
in our knowledge of partitions — 
ways to split up numbers, which is 
surprisingly complicated -—to the 
powerful circle method that is 
now a ubiquitous tool for 
mathematicians and physicists, 
the pair’s results sent shock waves 
through mathematics. 

For his advances, Ramanujan 
became the first mathematician 
from India to be electeda 


* 


fellow of the Royal Society, in 1918. 


Ramanujan returned to India 
in 1919 anational hero, but he 
was in failing health, diagnosed 
with tuberculosis, which is 
now believed to have beena 
misdiagnosis. Reunited with his 
family and wife, the 32-year-old 
number theorist made his most 
profound discovery, even as his 
health worsened. 

Ina letter to Hardy dated 
12 January 1920, Ramanujan 
sketched details ofan enigmatic, 
previously undreamed-of theory 
of “mock theta functions” — 
strangely symmetric equations. 
Before Hardy could reply, he 


received the news that Ramanujan 
had died. 

In the century since 
Ramanujan’s final letter to Hardy, 
mathematicians have stretched 
their collective mind to 
understand the underlying 
theories he didn’t write down. 

In probing the consequences of 
Ramanujan’s work, Jean-Pierre 
Serre and Pierre Deligne 
discovered Galois representations, 
and the latter was awardeda 

Fields medal -—a sort of maths 
Nobel prize. 

Work in this direction sparked 
a chain reaction of advances in 
20th-century mathematics, 
culminating in the 1995 proof by 
Andrew Wiles and Richard Taylor 
of the almost 400-year-old 
conjecture known as Fermat’s 
last theorem. 

The sphere of Ramanujan’s 
influence continues to expand: 
modern fields building on his 
formulae range from signal 
processing to black hole physics. 

It is only in the 21st century that 
his mock theta functions have 
come to be understood and appear 
to describe stringy black holes. 

Contemporary mathematicians 
are still fleshing out the details 
of the theories in Ramanujan’s 
dreams. # 


Virginia and Robert Schneider 
is at the University of Georgia 
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Views Columnist 


Chanda Prescod-Weinstein 

is an assistant professor of 
physics and astronomy, and 
acore faculty member in 
women's studies at the 
University of New Hampshire. 
Her research in theoretical 
physics focuses on cosmology, 
neutron stars and particles 
beyond the standard model 


Chanda’s week 


What I’m reading 

Iam rereading parts of 
Helen Longino’s Science 
As Social Knowledge: 
Values and objectivity 
in scientific inquiry. 


What I’m watching 
My friends and I are 
holding Zoom parties 
to watch a reality show 
called The Bachelor 
Presents: Listen to 
your heart. 


What I’m working on 
Ihave been spending a lot 
of time learning about the 
controversy concerning 
the unexplained surplus 
of gamma radiation at the 
centre of the Milky Way. 


This column appears 
monthly. Up next week: 
Graham Lawton 
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Field notes from space-time 


When time drags The coronavirus pandemic is making life feel 
very slow, but observing timescales across the universe can bring 
us some comfort, writes Chanda Prescod-Weinstein 


but for me, every week of 
2020 has felt extremely long, 
especially since the coronavirus 
pandemic has gotten under way. 
Aslam not an essential worker, 
Iam currently spending most of 
my time at home. I try to focus on 
my work on both science and the 
philosophy of science, but then I 
inevitably check the news. Each 
update seems to make the week 
drag on for longer and longer. 
The reel of bad news may feel 
like it is never-ending, but one 
of the ways that I have tried to 
keep things in perspective is by 
thinking about the different 
timescales on which things 
occur in the universe. 


I DON’T know about you, 


eternity in comparison. 

So perhaps cosmic inflation 
isn’t the best way to maintain 
perspective on human timescales, 
but what about stellar astrophysics 
instead? Stars like our sun have 
lifetimes of about 10 billion years, 
which is very close to the current 
age of the universe. This scale is 
difficult for humans to fully 
comprehend. 

Interesting things can 
happen towards the end ofstars’ 
lives. They initially shine because 
they are “burning” hydrogen -— 
essentially an atomic reaction 
that fuses hydrogen atoms 
together to produce helium. 

This releases energy, some of 


As an early universe cosmologist, ““You’ve probably 


I know, for example, that cosmic 
inflation happened in a fraction 
ofa second. Cosmic inflation of 
space-time, the fabric of our 
universe, is one of the first things 
that ever happened. This was a 
period in which space-time, like 
the number of cases of covid-19 
in many areas when it first got off 
the ground, grew exponentially. 
The more space-time there was, 
the more space-time grew. 

The rate of space-time 
expansion during inflation was 
so quick that it grew faster than 
the speed of light. This might be 
surprising to hear because we are 


all so used to the idea that nothing 
goes faster than the speed of light. 


This is the case for things that 
live inside space-time, such as 
people, planets and spaceships, 
but there is no such limit on 
space-time itself. 

We currently believe that 
inflation lasted from around 
10° to 10° seconds after the big 
bang. Not only did space-time 
grow faster than the speed of 


light, but this period of expansion 


was extremely short. A week of 
this outbreak is essentially an 


been trying to avoid 
people outside of 
your household for 
a couple of white 
dwarf pulsations” 


which we observe as photons, 
particles of light. 

In the case of the sun, this 
process has roughly another 
5 billion years left to go. Ifyou, 
like me, have been socially 
isolating for around five weeks, 
this means that the sun still has 
about 50 billion of your lockdown 
periods so far left before it 
reaches the end ofits life. 

Eventually, the sun will start 
fusing helium into carbon. This 
process will begin in our sun 
when it has about 100 million 
years of life left, which is about a 
billion times as long as the period 
that we have been in isolation for 
so far. These processes certainly 
put our wait into perspective. 

Yet such prolonged timescales 
aren't the only ones that are 
relevant to stellar evolution. 
Although helium to carbon 
conversion will continue for 


at least 100 million years, the 
transition to this process will 
begin with a helium flash that 
willtake place in just a 

few minutes. 

We have been stuck in 
lockdown for a lot longer than 
this, of course, but at the very 
least we can say that we won’t be 
in social isolation for the time 
that it takes for the sun to start 
making carbon! 

The helium flash isn’t the 
only stellar process that can take 
just minutes. When the sun finally 
dies, it will leave behind a remnant 
known as a white dwarf. This is 
avery dense object made of 
hydrogen, helium and carbon, 
and when white dwarfs are the by- 
product of stars at least 10 times 
more massive than the sun, 
they contain a good amount 
of oxygen too. 

These white dwarfs can 
experience instabilities that will 
be familiar to people who have 
been to the beach: just as an 
ocean’s waves are partly the result 
of gravity, white dwarfs experience 
waves caused by gravity in their 
interiors. Such waves then cause 
pulsations in the brightness of the 
white dwarfs, and these can be 
around two weeks long. 

So one way to think about 
how long you have spent in 
physical isolation is to compare 
it with this phenomenon: so far, 
you have probably been trying to 
avoid contact with people outside 
your household for only a couple 
of white dwarf pulsations. 

It may not be your first 
instinct to use these references, 
of course. But if you are losing 
your sense of time or feel as 
though this outbreak is messing 
up your natural biorhythms, 
it may help to try and reframe 
the timescales involved in terms 
of cosmic phenomena. It is 
helping me, anyway. # 
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Views Your letters 


Editor’s pick 


A down-to-earth way to 
boost the immune system? 


28 March, p 44 
From Liz Berry, 
Lydbrook, Gloucestershire, UK 
| was fascinated to read Graham 
Lawton’s article on improving our 
immune system's fitness. | have 
always had a peculiar immune 
reaction to pathogens, having never 
really been very ill with anything. 

Recently, Ihave started to 
consider whether this was due 
to my habit of eating earthworms 
when | was 4 years old. | distinctly 
remember how crunchy they were, 
presumably due to the soil passing 
through their guts. 

| wonder whether exposure to 
the microbial life in the soil, which 
probably included mycobacteria, 
affected my immune system. 
Needless to say, my mother wasn't 
pleased with my behaviour. 


When the crisis is over, 
beware the blame game 


28 March, p 23 
From Erik Foxcroft, 
St Albans, Hertfordshire, UK 
David Adam is right to point 
out the difference between 
“the science” of the coronavirus 
outbreak and the response of 
the UK government to it. 
Politicians are stressing that 
their policies are built on the 
advice of experts, even when so 
much about the coronavirus is still 
uncertain or unknown, in order to 
give people more confidence in 
government measures. However, 
the danger is that this could set 
those experts up as scapegoats 
should these steps ultimately 
prove ineffective. 
Thope that the UK and the 
rest of the world emerges from 
this epidemic with as few people 
dead and seriously debilitated 
as possible. But ifit doesn’t, I 
foresee that some people will 
try to blame “experts” and “the 
science” for political failures, 
echoing reactions we have seen 
far too often in recent times. 
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WE HAD LOTS OF SPARE BONES AND IT 
SEEMED A SHAME TO WASTE THEM. 


rood 


AUSTRALOPITHECUS 
AFRICANUS 


Difficult or not, wildlife 
markets must stay shut 


Letters, 4 April 

From Evan Bayton, 

Moore, Cheshire, UK 

Alistair Litt has a point about the 
difficulty of banning wild animal 
markets of the sort initially linked 
to the outbreak of covid-19 in 
China. However, we should still 
try to end them, as such markets 
are doing damage in many parts 
of the world. 

The coronavirus is just the 
latest instance of diseases that 
jump from animals to us. The 
SARS outbreak in the early 2000s 
is another example of this, and 
also had serious consequences. 
The threat from potentially deadly 
zoonotic diseases is so dangerous 
that it must be addressed, whatever 
the difficulties. 


It is time to redefine our 
priorities in other ways 
4 April, p10 

From Rajib Saha, Raiganj, India 
Your coverage of the 
environmental effects of 
covid-19 lockdowns is timely 
and interesting. Just as we are 


HOMO 
NEANDERTHALENSIS 


"4 


HOMO 
SAPIENS 


careless about our planet and 
climate change, we have failed 
to show enough interest in our 
healthcare systems in this age 
of globalisation. Governments 
and social bodies should take the 
correct decisions for sustainable 
development in the same way 

as they are making the right 
choices for health systems 

amid the pandemic. 


Tricky medical choices 
and the race for a vaccine 
4 April, p12 

From Barry Cash, Bristol, UK 
Alice Klein reports on the tough 
medical choices regarding who 
will get put on ventilators in 
health systems overwhelmed 
by the coronavirus. 

Yet coverage of this failed to 
mention one special category: 
the rich and famous. Would 
the UK’s monarch be denied a 
ventilator because of her age? 


From Thomas Holland, 

Harrogate, North Yorkshire, UK 
Your articles on the possible 
prevention or treatment of 
infection in the covid-19 pandemic 
have been interesting, but none 


have mentioned whether it is 
worth investigating the protective 
effects of applying any of the 
numerous veterinary vaccines 
against other coronavirus diseases 
to people. 

We now require very substantial 
quantities of vaccine as soon as 
possible in order for them to be 
effective at the population level. 
Ifany of these veterinary products 
can be effectively adapted, we 
might be able to greatly reduce 
the vaccine deployment time, 
compared with developing one 
from scratch. 


A better way to define 
what constitutes life 


Letters, 4 April 
From Hillary Shaw, 
Newport, Shropshire, UK 
Readers such as Bryn Glover 
discuss how we should define 
life. Could we do so by considering 
what it does? Life exists in 
bounded systems and it locally 
“reverses” the Second Law of 
Thermodynamics by creating 
order, or lowering entropy. 

Within set bounds, living things 
decrease entropy by consuming 
energy, which preserves the 


second law at a universal level 

as entropy outside the bounded 
system rises by more than it falls 
inside it. 

To accomplish this, life has 
highly complex ways of detecting 
and absorbing sources of energy, 
of self-repair and of reproduction, 
making a clear divide between 
living and non-living systems. 

As for the difference between 
a frozen, hibernating frog and 
the dead frog that Glover raises 
in his letter, the frozen one has a 
readable information code within 
it soit can resume internally 
reversing entropy, while the 
dead frog no longer has this. 

So how about this asa 
definition: life is abounded 
system containing a readable 
information code that can locally 
decrease entropy? 


Running vs walking 
vs cycling to work 


14 March, p 34. 

From Andy Bebington, London, UK 
The article comparing the benefits 
of running vs walking raised a 
question for me - what about 
cycling? I ask because, for some 
people, this is a combination of 
exercise and commuting - that 

is to say, exercise with a purpose. 

Are there any statistics out 
there that show that cycling 
moderately — say for half an hour 
each way, possibly at a lower pace 
on the way to work than on the 
way home — is all the exercise 
needed in order to maintain 
a healthy lifestyle? 

Iseem to recall reading that 
many MAMILs (middle-aged men 
in Lycra) and their richer carbon- 
bike-owning relatives PILOCs 
(pensioners in Lycra on carbon) 
have hearts resembling those of 
the average person eight to 10 
years younger. 

The pollution generated by 
pedalling to work daily is pretty 
much non-existent, the health 
services are called on less by 
cyclists because their general 
health levels are better on 
average than that of their peers, 
and bicycles don’t damage the 


road like heavier, motorised 
vehicles do. Taking all ofthese 
factors into account, why isn’t 
the bulk of the transport budget 
given over to promoting cycling 
at the expense of vehicle traffic? 


Organic methods can 
have their own problems 


21 March, p 25 

From Malcolm Black, 

Halifax, Nova Scotia, Canada 
Christel Cederberg and Hayo 

van der Werf discuss the need for 
a full comparison of organic and 
conventional farming. But what 
they didn’t mention was that 
some natural pesticides that are 
approved for organic farming can 
be toxic to non-target organisms. 

Isearched fora list of approved 
organic pesticides in the UK and 
found an EU list under Regulation 
EC #889/2008. Pyrethrin and 
spinosad caught my attention. 
Subsequent searches on the 
environmental effects of these 
reveals that they can be toxic 
to aquatic life or to bees. 

The fact that organic 
pesticides are non-synthetic 
doesn’t necessarily mean they 
are environmentally benign. 


There may be a fifth path 
to the perfect crunch 


4April, p51 

From Andrew Fogg, 

Great Gransden, UK 

In his science of cooking column, 
Sam Wong wrote about four ways 
to make perfect pork crackling. 
Isuggest a fifth. 

Iusually buy pork from the 
supermarket, where it is sold on 
atray and wrapped in thin plastic. 
A few hours before I want to put 
the meat in the oven, I unwrap it 
and, while the skin is still moist, 
Iscore it deeply into strips of 
around 5 millimetres. Then I 
leave the meat unwrapped for 


a few hours for the skin to dry. 

Immediately before roasting, 
I wipe the skin with a generous 
slosh of olive oil, grind plenty 
of sea salt over it and then roast 
the pork, uncovered, at 180°C 
for1 hour per kilogram, plus an 
additional half an hour or so. 
Works every time. 


More reasons why we may 
be living in a simulation 


Letters, 14 March 

From Alistair Litt, 

Whangarei, New Zealand 

Hue White suggests one reason 
why a simulated world might be 
being run, if indeed we are living 
in such a reality, is that we are an 
experiment in building skills and 
forecasting future phenomena. 
Here I offer another: could we bea 
means of seeing what will become 
of the environment ifhumans 
release as much carbon as possible 
into the environment over a very 
short period of time? 

Just a thought. Incidentally, we 
would possibly be getting close to 
the end of sucha simulation, if 
that were its actual purpose. 


From David Mitchell, 
Yarrow, Scottish Borders, UK 
White asks why anyone would 
simulate our universe. I can 
think ofa few plausible reasons. 
As intelligent creatures, we 
struggle to understand ourselves 
and the world around us, and as 
part of this, we create art, 
literature, music and movies. 
Idon’t think it is too much ofa 
stretch to believe our hypothetical 
computational hosts would face 
the same kind of struggle as us, 
and would find our answers to 
the questions they themselves 
are asking to be valuable. 
Imagine having a computer 
program that could generate a 
world-class novel every day, or 
the Mona Lisa ina morning. 


Want to get in touch? 

Send letters to letters@newscientist.com; 

see terms at newscientist.com/letters 

Letters sent to New Scientist, 25 Bedford Street, 
London WC2E 9ES will be delayed 


Further, ifmathematics is truly 
universal, then the discoveries 
that we make would be applicable 
in their universe too, something 
else that could be ofimmense 
interest and value. 

On a lighter note, some of 
us also find soap operas very 
engaging. If our hosts have the 
same appetites as we do, then 
our world would have millions 
of compelling plot lines. 

Some questions, such as how 
it feels to live with different social 
and economic systems, are likely 
to be too complex to be answered 
in any way other than througha 
simulation. Also, we have kittens. 


One way to see if trees 
will be climate saviours 


Letters, 28 March 

From Stephen Blyth, 

Roade, Northamptonshire, UK 
James Runacres asks about the 
survival rates of newly planted 
trees, in the context of their use 

as ameans of sequestering carbon 
dioxide and fighting climate 
change in the decades ahead. 

One way to estimate this would 
be to survey the “millennium 
yews” that every village in the UK 
was encouraged to plant to mark 
the start of the new millennium. 
The one in our churchyard isn’t 
doing well, and looks unlikely to 
reach the end of this century. 

This would be a good research 
subject, once current travel 
restrictions imposed by the 
coronavirus lockdown have been 
lifted, though whether results 
could be extrapolated to cover 
other species is an open question. 


Oh, woe the day we 
became human 

4 April, p 34 

From John Harrison, Bristol, UK 
Ienjoyed reading your article on 
how we became human, but as I 
finished, it occurred to me that, 
in view of the effect we have had 
on just about every other species 
on this planet, it probably could 
have done with a final section 
headed: “Was It a Good Thing?” § 
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Magnetic heat 


Image NASA High Resolution 
Coronal Imager 


SCORCHING hot and blazing 
bright, this extraordinary image 
of the sun’s corona reveals 
previously unseen parts of the 
atmosphere of our closest star. 

This isn’t our first glimpse of 
the sun’s surface in recent months. 
In January, for example, we saw it 
in unprecedented detail thanks 
to images taken by the Daniel K. 
Inouye Solar Telescope in Hawaii, 
the largest of its kind in the world. 

But this latest picture is our 
closest look yet at the sun’s corona, 
its ultra-hot outer layer. It was 
captured by an international team, 
including researchers at the 
University of Central Lancashire, 
UK, and NASA’s Marshall Space 
Flight Center in Alabama, using 
NASAs High Resolution Coronal 
Imager. This suborbital telescope 
can view objects in the sun’s 
atmosphere that are less than 
1 per cent ofits size. 

The newly discovered orange 
swirls (below) are 500-kilometre- 
wide magnetic threads that are 
filled with plasma, electrified 
gases flowing at 1 million °C. We 
don’t know how these threads 
form, but the researchers say that 
now we can visualise them, they 
could help us learn how our star’s 
magnetic atmosphere causes 
solar storms and flares, activities 
that can affect us on Earth. # 


Gege Li 
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Culture 


Is there life out there? 


Extraterrestrial oceans are an obvious place to search for alien life, but getting 


there and having a look won't be easy, finds Simon Ings 


G 


Alien Oceans: The search for 
life in the depths of space 
Kevin Hand 

Princeton University Press 


IN THE late 1970s, two different 
voyages of discovery transformed 
our ideas about alien life. In 1977, 
hydrothermal vents were found, 
belching out “smoke” in the 
Galapagos rift at the bottom 

of the Pacific Ocean. The smoke 
was actually a superheated fluid 
rich in hydrogen, methane, 
hydrogen sulphide and minerals 
essential to life. 

The chimneys were host to 
never-before-seen creatures, 
thriving ina place we had 
previously thought was 
completely and utterly lifeless. 
Two years later, in 1979, NASA's 
Voyager spacecraft flew past 
Jupiter and gathered the first 
evidence that some of the gas 
giant’s moons contained oceans. 

Kevin Hand is a child of that 
historical collision between ocean 
and interplanetary discovery. 
While his adventures exploring 
hydrothermal vents provide him 
with a cracking opening chapter 
to his new book, Alien Oceans, he 
is better known for his later work, 
being NASA’s deputy chief scientist 
for solar system exploration, where 
he has spearheaded an effort to 
land a spacecraft on Jupiter’s 
moon Europa. 

Life on the underside of the ice 
on Europa, says Hand, “could be 
like an inverted version of life we 
see lining the cracks ofa sidewalk”. 

Wresting secrets from Europa’s 
hidden ocean will be a frustrating 
business. You can’t peer through 
the surface to the sea floor. You 
will have to get up close with a 
robotic submersible. Then you 
will have to contend with the fact 
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that no electronic mode of 


navigation or communication 
will be able to interact with the 
outside world through the ice, 
so the submersible will need 
to be fully autonomous, coming 
to the surface periodically to 
report back what it finds. 

But Hand’s more immediate 
problem is logistical. Nothing 
is likely to land on Europa 
before 2040 because NASA's 
subcontractors can’t find a large 
enough skilled workforce to 
complete their existing projects. 

While he waits, Hand can only 
analyse what information is 
available, plan future missions 
as best he can and speculate 
about what we might one day 
find in the outer reaches of our 
solar system — a zone we expected 


Europa could be the best 
place to look for alien 
life in our solar system 


little from, but that turns out to 
contain the best real estate for life. 

We know that physics and 
chemistry will work the same 
way, however far we venture. 
What we don’t know is whether 
biology does the same. “It is the 
phenomenon that defines us,” 
Hand writes, “and yet we do not 
know whether it is a universal 
phenomenon.” 

Surprisingly many places in our 
solar system turn out to be capable 
of supporting “our kind of life”: 
carbon-based life organised 
around RNA or DNA. But whether 
we ultimately find life in those 
places is quite another question. 
After all, a world that is habitable 
could have the conditions needed 
to support life, but not necessarily 
those needed for life to get going 


in the first place —- or it may have 
just not happened yet. 

More generally, is “our kind of 
life” the only kind of life there is, 
or might there be others? 

Saturn’s moon Titan has a 
water-ice surface carved and 
shaped by falling and flowing 
liquid methane. Beneath that icy 
shell, there probably resides a deep 
ocean of liquid water, which could 
host life as we know it. But any life 
discovered in the liquid methane 
lakes on Titan’s surface would 
have a biochemistry completely 
different from ours. 

We used to think that life could 
only exist in a “Goldilocks zone” 
dictated by distance from the sun. 
Too close, and life would fry; too 
far, and it would freeze. Hand leads 
the reader through today’s more 
complex picture, where liquid 
water is surprisingly common 
but other limiting factors pertain. 

For example, a lack of rocky 
mantle, or a seabed pressure so 
high that the water there turns 
to unfamiliar forms ofheavy ice, 
could leave an ocean without the 
minerals necessary for life. Or if 
amoon has too circular an orbit, 
it won't provide tidal heating 
sufficient to keep water on its 
surface in a liquid state. 

In a book that is likely to prove 
one of the year’s most enthralling 
first-person accounts ofa life 
in science, Hand maps the likely 
limits on life and liveability. 
Equally, he is out to excite us with 
the possibilities. Imagine vast 
carbonate chimneys, kilometres 
high, rising above Enceladus’s sea 
floor like geological skyscrapers! 
Imagine geothermally active 
rogue planets transporting fish, 
squid and octopuses from star to 
star! “Perhaps one is even on its 
way toward us now,’ says Hand. ff 


Simon Ings is a freelance culture writer 
based in London 
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Origin of words 


There are fun tales behind where science 
terms come from, says David Silverberg 


sig 


Podcast 


Science Diction 
WNYC Studios 


THE word “meme” wasn't 
created to describe things that 
spread all over the internet. 
Rather, evolutionary biologist 
Richard Dawkins coined the 
term when he was hunting for 
an idea-focused counterpart 
to the concept of a gene. 

If animals and plants create 
copies of genes every time they 
reproduce, what happens when 
cultural phenomena replicate 
themselves over and over? 
Dawkins invented a word for 
this by riffing off the Greek 
word mimema, which means 
imitated, and blended it with 
“gene” to create meme. 

This etymological lesson 
comes courtesy of Science 
Diction, a podcast launched in 
March by the New York-based 
WNYC Studios and the team 
behind its main science podcast 
Science Friday. 

Hosted by Johanna Mayer, 
the podcast comes in short 
sharp bites that rarely stretch 
beyond 15 minutes, with each 
unveiling the origin of science 
words and phrases by telling 


the stories behind how they 
came to be. 

Another head-turning 
episode takes on the word 
“vaccine”, which was coined 
by British physician Edward 
Jenner in the 18th century. 

The story begins with Jenner 
testing the idea that physicians 
could use cowpox to prevent 
the related, but deadly, disease 
smallpox. In 1796, he gave 
cowpox to an 8-year-old boy, 
then exposed him to a sample 
of smallpox, itself a violation 
of “about 1000 ethical rules, 
but it went down in history as 
the first official scientifically 
documented vaccination", 
says Mayer. 

The boy never contracted 
smallpox, even after Jenner 
exposed him to the disease 
dozens of times. 

Jenner wrote up his findings 
ina book called An Inquiry Into 
the Causes and Effects of the 
Variola Vaccinae. In Latin, 
variola means pustules, and 
vacca means something that 
comes from a cow. 

So variola vaccine basically 
refers to cow pustules or 
cowpox, according to Mayer. 

Engaging and breezy 
narration, ornamented with 
light sound design, keeps 
Science Diction moving at 
a brisk pace. The words and 
phrases being examined will 
be familiar to most listeners 
and some of the stories will be 
too. But having them brought 
together in a podcast is amore 
than pleasant way to spend a 
quarter of an hour. ! 


David Silverberg is a freelance 
writer based in Canada 


One episode of Science Diction 
delves into the 18th-century 
origins of the word “vaccine” 


Don’t miss 


BIOHACKERS 


Watch 


Biohackers has medical 
student Mia getting far 
more than she bargained 
for when she tries to 

get close to a professor 
she suspects had a 

hand in a family tragedy. 
This German thriller is 
streaming on Netflix 
from 30 April. 


Together 


Viwek H. Merthy 


Read 


Together: Loneliness, 
health and what 
happens when we find 
connection (Profile) 
sees former US 
surgeon-general Vivek 
Murthy explore the 
devastating health 
consequences of social 
isolation and how we 
can address them. 


Listen 


The Privacy, Security, 
& OSINT Show gives 

a glimpse of daily threats 
we don't notice. In this 
podcast, Michael Bazzell 
uses social media and 
credit reports to learn 
crucial details about a 
person, and tells how to 
avoid it happening to you. 
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The games column 


Survival in a zombie apocalypse The Resident Evil 3 remake was in development 
long before the coronavirus outbreak, but it holds up a mirror to the strange times 
we live in today, says Jacob Aron 


Jacob Aron is New Scientist's 
deputy news editor. He has 
been playing video games 
for 25 years, but still isn’t 
very good at them. Follow 
him on Twitter @jjaron 


Game 


Resident Evil 3 
PC, PlayStation 4, Xbox One 
Capcom 


Jacob also 
recommends... 


Game 


Dead Space 

PC, PlayStation 3, Xbox 360 
Visceral Games 

How do you make zombies 
ever scarier? Put them in 
space. Dead Space is a sci-fi 
twist on the Resident Evil 
survival horror formula 
that sees you play as 

Isaac Clarke, an engineer 
sent to investigate a strange 
distress signal coming from 
a mining ship. The zero-G 
segments are particularly 
intense. 


30 | New Scientist | 25 April 2020 


CAPCOM 


“THIS pandemic has spread 

faster than any disease in modern 
history.” The first words spoken 

in Resident Evil 3 make an 

instant impression in the era of 
covid-19. They form part of that 
horror-movie cliché, the opening 
newsreel, alongside briefings from 
the US Centers for Disease Control 
and Prevention and images of 
people wearing face masks. 

But ripped from the-headlines 
this is not —the game is a remake 
of Resident Evil 3: Nemesis, which 
was released for the original 
PlayStation in 1999. Thenew 
version has been in the works 
for some time, and its release 
in these troubled times is a 
coincidence, but one that 
highlights the divide we 
will increasingly see between 
pre- and post-pandemic fiction. 

The first Resident Evil game, 
released in 1996, essentially 
invented the “survival horror” 
genre, in which players are given 
limited resources while they face 
a variety of creepy foes. It takes 
place ina spooky mansion where 
police officers Jill Valentine and 
Chris Redfield have been sent to 


investigate a disturbance and, 
well, it goes very badly. 

At the heart of the Resident Evil 
franchise is the T-virus, a fictional 
infection that turns people into 
zombies. After puzzling your way 
through the mansion as either 
Valentine or Redfield (you choose 
who to play as), you discover a 
secret, underground lab owned 


“Resident Evil 3 is 


pre-pandemic fiction, 
at odds with an era in 
which health workers 
are lauded as heroes” 


by the Umbrella Corporation. 
The sinister conglomerate has 
engineered the T-virus into a 
bioweapon - which, I hasten 
to add, has been thoroughly 
debunked as an origin for the 
coronavirus — and kicked off 
the zombie apocalypse. 

As the series progresses, the 
virus spreads through the wider 
population. Soon the whole of 
the fictional Racoon City has been 
infected and zombified. When 
Resident Evil 3 picks up the story, 


In Resident Evil 3, 
a fictional virus turns 
people into zombies 


Valentine is attempting to escape 
the city while being pursued 

by the monstrous Nemesis, an 
unstoppable mutant created by 
Umbrella that you confront ina 
series of escalating boss fights. 

It all feels very like a B-movie, 
but I couldn’t help experiencing 
it as a mirror of our current 
world, albeit one that is far more 
extreme. Steering Valentine 
through the city streets, trying 
to keep away from the shambling 
hordes, I felt as ifI were practising 
a severe form of social distancing: 
onthe rare occasions I go toa 
supermarket now, I find myself 
dodging people in the aisles in 
an effort to stay the required 
2 metres away from them. 

Things got weirder when I 
explored another horror-movie 
trope, the creepy abandoned 
hospital. A note left by anurse 
read: “We've called in our off-duty 
staff. It’s all hands on deck now. 
We have got to contain this chaos!” 

Of course, none of this was 
created with the coronavirus in 
mind, and the analogy breaks 
down further with the portrayal of 
scientists as villains. The Umbrella 
Corporation’s evil scientists mark 
Resident Evil 3 out as pre-pandemic 
fiction, totally at odds with an era 
in which chief medical officers 
have become household names 
and healthcare workers are lauded 
as national heroes. 

The 9/11 attacks hugely 
influenced video games, giving 
rise to modern military shooters 
such as Call of Duty: Modern 
Warfare 4 that moved away from 
the second world war and sci-fi 
settings normally associated with 
the genre. Similarly, I expect we 
will see many heroic scientists 
in fiction in the coming years. ! 
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Quantum physicist, 
New York Times 
bestselling author, 
and BBC host 

Jim Al-Khalili 
offers a fascinating 
and illuminating 
look at what 
physics reveals 
about the world 
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“Simple, profound, and accurate.” 
—Frank Wilczek, 2004 Nobel laureate, author of A Beautiful Question 


“An accessible overview of an enormous amount of modern physics.” 
—Sean Carroll, author of Something Deeply Hidden 


“A triumph!” 
—lan Stewart, author of Do Dice Play God? 
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trouble 


Causing 


The language of science can't distinguish 
between cause and effect. Solving this 
problem could put research on firm 
foundations, reports Ciaran Gilligan-Lee 


on hospital admission data made a 
surprising prediction. It said that people 
who presented with pneumonia were more 
likely to survive if they also had asthma. 
This flew in the face of all medical knowledge, 
which said that asthmatic patients were 
at increased risk from the disease. Yet the 
data gathered from multiple hospitals 
was indisputable: if you had asthma, your 
chances were better. What was going on? 

It turned out that the algorithm had missed 
acrucial piece of the puzzle. Doctors treating 
pneumonia patients with asthma were passing 
them straight to the intensive care unit, 
where the aggressive treatment significantly 
reduced their risk of dying from pneumonia. 
It was a case of cause and effect being 
hopelessly entangled. Fortunately, no changes 
were rolled out on the basis of the algorithm. 

Unweaving the true connection between 
cause and effect is crucial for modern-day 
science. It underpins everything from the 
development of medication to the design of 
infrastructure and even our understanding of 
the laws of physics. But for well over a century, 
scientists have lacked the tools to get it right. 
Not only has the difference between cause and 
effect often been impossible to work out from 
data alone, but we have struggled to reliably 
distinguish causal links from coincidence. 

Now, mathematical work could fix that for 
good, giving science the causal language that 
it desperately needs. This has far-ranging 
applications in our data-rich age, from drug 
discovery to medical diagnosis, and may be 


[: THE mid-1990s, an algorithm trained 
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the essential tool to resolve this fatal flaw. 

A mantra most scientists can recite in 
their sleep is that correlation doesn’t imply 
causation. A simple example illustrates why. 
Data from seaside towns tells us that the more 
ice creams are sold ona day, the more bathers 
are attacked by sharks. Does this mean that ice 
cream vendors should be shut down in the 
interests of public safety? Probably not. Amore 
sensible conclusion is that the two trends 
are likely to be consequences of an underlying 
third factor: more people on the beach. In 
that case, the rise in ice cream sales and shark 
attacks would both be caused by the rise in 
beachgoers, but only correlated to each other. 


What’s going on? 


This analysis seems simple enough. The 
trouble is that the data alone can’t point us 
in the right direction. We need some external 
knowledge — in this case, that a surge in 
people enjoying the beach on a hot day can 
adequately explain both trends — to correctly 
distinguish correlation from causation. 
As the data at hand gets more complicated 
and less familiar, however, our ability to 
distinguish between the two falls short. 
These subtleties were lost on some of 
the early pioneers of statistics. One notable 
offender was Karl Pearson, an English 
mathematician and prominent eugenicist 
of the early 1900s. Pearson believed the 
mathematics of correlation was the true 
grammar of science, with causation being 
only a special case of correlation, rather than 
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a separate analytical concept. The statistical 
tools he developed remain part of the bedrock 
of scientific practice, and are taught in every 
undergraduate statistics class. As a result, for 
over acentury, many scientific discoveries 
have been based on flimsy correlation rather 
than firm causation. This has implications far 
beyond the seaside. Data and correlation can 
tell you which of two treatments led patients 
to recover faster, but not why. They also can’t 
tell you how to make treatments better, or 
even what to prescribe a given individual. 

“If you want to actually cure a disease, 
or make it less likely someone gets a disease, 
you need to have a causal understanding,” 
says Jonas Peters at the University of 
Copenhagen in Denmark. The importance 
of understanding causality can't be overstated, 
says Elias Bareinboim at Columbia University 
in New York. “I don’t think there is any way 
of doing science without causality,” he says. 
“It is the code running the system.” 

At the same time, science is poorly equipped 
to deal with questions of cause and effect. 
Since Galileo, modern science has been 
communicated using the language of algebra 
and equations. Physicists can write an 
equation describing the relationship between 
atmospheric pressure and the reading on 
a barometer, but this equation says nothing 
about whether it is pressure that causes 
the barometer reading or vice versa. The 
language of algebra is completely agnostic 
to the question of which came first. 

In the early 1990s, dissatisfied with this 
state of affairs, Judea Pearl at the University 
of California, Los Angeles, set out to give 
science the causal language it desperately 
needed. His solution was to introduce a new 
mathematical language of “doing”, allowing 
us to distinguish between cause and effect. 

IfI “do” by intervening to force pressure to 
change, then the reading on the barometer 
will shift. But ifI “do” a change in the 
barometer reading, the pressure doesn’t alter 
as a consequence. Intervening on the cause 
will change the effect, but any intervention 
on the effect won’t change the cause. 

To convey this in mathematical terms, 
Pearl invented a new operation to sit alongside 
addition, subtraction and the others. Just like 
the other operators, his “do operator” can 
manipulate variables — like the number of 
ice creams sold — in specific ways. Whereas 
addition combines the value of two or more 
variables, the do operator sets a variable toa 
specific value, irrespective of anything else. 

To see why this is needed, let’s head back to 
the seaside. If we wanted to establish the true > 
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relationship between ice cream eating and 
shark attacks, the scientific best practice would 
be to carry out a randomised control trial. This 
would involve randomly assigning beachgoers 
into two subgroups of equal size. One group 
would be given ice creams and the other 
wouldn’t. Both would then be let loose in 
shark-infested waters, and the number of 
shark attacks on each group compared. 

The composition of the subgroups is 
random, so all other potentially confounding 
factors, such as age, height and tastiness of 
flesh, are controlled for. Any remaining 
correlation can be explained only ifthere is a 
direct causal relationship between eating ice 
cream and being attacked by a shark. Pearl’s do 
operator mathematically simulates changing 
the amount of ice cream someone eats, 
regardless of any confounding factors that 
would influence both the eating of ice cream 
and being attacked by a shark. By changing 
ice cream consumption alone, and keeping 
everything else fixed, any corresponding 
change in shark attacks must be due to eating 
ice cream, as it is the only variable that changed. 

Pearl’s great insight was to show that with 
the do operator you could effectively simulate 
a randomised control trial using only 
observational data and extract causal 
connections. This was a game changer, because 
performing real-world randomised controlled 
trials can be expensive and complicated, not to 
mention unethical. To perform a controlled 
trial to examine the link between pneumonia 
and asthma, for example, halfthe group would 
have to be infected with pneumonia. 

The work won Pearl the Turing Award in 
2011—the computer science equivalent of 
a Nobel prize - and formed the foundations 
of what has come to be knownas the theory 
of causal inference. 

Besides putting science ona firmer causal 
footing, this mathematical framework is 
helping to solve problems in many disciplines, 
says Bareinboim, chief among which is the 
replication crisis that has plagued medicine 
and the social sciences. In the past decade, 
doubts have arisen about many headline- 
grabbing studies in these fields — from the 
notion that maths problems are easier for 
students to solve if written in a fuzzy font 
to the idea that willpower is a finite, 
exhaustible resource — because the results 
of their underlying experiments couldn’t 
be replicated. In 2015, a massive replicability 
study in psychology found that results of 
60 per cent of studies couldn't be reproduced, 
casting a vast shadow across the discipline. 

Bareinboim believes causal inference could 
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help clear these problems up. In many cases, 
he says, the original tests were susceptible to 


“If you don't 


confounding factors that the experimenters understand 

may have been unaware of, and subsequent 

replication attempts might have dragged new the causal 

causal relationships into the mix. One classic 

example concerns the effect of happiness on process, you 
economic decisions, which was originally are susceptible 
measured by showing participants footage egy 

of US comedian Robin Williams. By the time to bias 


the replication experiment was conducted, 
Williams had died, potentially skewing the 
participants’ response. In addition, the 
subjects in the original study were from the US, 
but those in the replication one were British. 
By not controlling for such confounding 
effects, the replication study cannot 
legitimately comment on the original finding. 
The applications extend well beyond 
science. “As soon as you re looking to improve 
decision-making, you want to understand 
cause and effect. Which is, if I were to do this, 
how would the world change?” says Suchi Saria 
at Johns Hopkins University in Maryland. 
Economists in particular were early to the 


party, realising that many of the problems 
they wished to solve required a causal toolkit. 

Such tools could determine the effects of 
specific policies, such as whether an increased 
tax on cigarettes reduces the health impacts 
of smoking. For such a complicated issue, 
however, Pearl’s mathematical tools become 
incredibly challenging. The relationship 
between smoking and health is influenced by 
a panoply of confounding factors, including age, 
sex, diet, family history, occupation and years of 
education. To home in on the causal connection « 
we care about, we can look only at parts of 
the data where the other factors are constant. 
But for each confounding variable we control 
for, the corresponding data set gets smaller. 
Eventually, we are left with so little data that 
no robust conclusions can be drawn at all. 

To overcome these difficulties, Susan Athey 
at Stanford University in California and her 
colleagues have developed techniques to 
approximate Pearl’s methods while still 
holding on to as much data as possible. They 
aren't alone. Tools of this kind are also having 
a big impact in healthcare, an area where 
understanding cause and effect can be 
life-saving. Knowing that a disease is highly 
correlated with certain symptoms, or that 
a drug is highly correlated with recovery, 
isn’t enough, and basing medical decisions 
on such information can be dangerous. 

Saria is using causal inference to create 
tools to help doctors make decisions by 
comparing the effect of different medical 
actions. However, working with medical data 
comes with challenges. “We may be reflecting 
back biases that are not the true underlying 
phenomena in nature,” she says. For example, 
unequal access to treatment means that 
the US spends less money caring for black 
patients than for white patients. Some 
algorithms conclude from such data that 
black patients are healthier than equally 
sick white patients, which is patently false. 

For Kira Radinsky at the Technion-Israel 
Institute of Technology, causal understanding 
is key toa more equitable health system. 
“Ifyou don’t understand the causal processes, 
you are susceptible to bias in the data,” she 
says. “As soon as you do understand them, 
you can clean out the bias.” 

This highlights one problem that causal 
inference can’t solve. Before Pearl’s techniques 
can be employed, the causal relationships need 
to be known. Left to analyse shark attack and ice 
cream sales data, for example, they wouldn't 
be able to determine the connection between 
the two without knowing that an increase in 
beachgoers could explain both trends. 
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Shark attacks may rise along 
with seaside ice cream sales, 
but are the two trends linked? 


To quantitatively compute the effect 
of treating someone’s symptoms witha 
certain drug, we need to know that a causal 
relationship between that drug and those 
symptoms exists. The standard approach to 


this is to find out from experts on the subject. 


But getting this causal knowledge from 
experts can be difficult and takes time, 
says Radinsky. The approach she and her 
collaborators have taken to streamline 
this process is to mine causal relationships 
from medical papers that actually verified 
their existence through experiments. By 
applying this causal knowledge to drug 
repurposing — using existing medicines 
in new ways — they have already found new 
treatments for hypertension and diabetes. 


Learning from the data 


This is a fruitful and powerful approach, 
but not every field has a large collection of 
online research papers with proven causal 
links just waiting to be exploited. This has 
led researchers in other disciplines to 
wonder if causal relationships could be 
discovered from purely observational data. 
The age-old difficulty of distinguishing 
correlation from causation would seem 

to rule this out. Yet a new generation of 
researchers bold enough to investigate 
the problem is starting to realise that it 
might not be as impossible as it sounds. 


One approach gaining ground involves 
looking for patterns that hold true regardless 
of circumstances. Increased atmospheric 
pressure always causes a barometer reading to 
change, for example, regardless of whether you 
are in London or New York, on Earth or Mars. 
Likewise, physicians in different hospitals or 
countries may differ in how they treat people, 
but the underlying causal relationships 
between diseases and symptoms don’t vary. 
The key idea behind new work being led by 
Peters and others is that this consistency can 
act as a signature of the underlying causal 
process, allowing Pearl’s tools to be deployed. 

To put this principle to the test, he and his 
colleagues dived into a complex sociological 
question: the true causes of a country’s total 
fertility rate. These rates vary dramatically 
around the world, and understanding the 
factors determining them could be a boon 
for governments seeking to support their 
populations. By looking for consistent patterns 
in data from multiple countries, Peters and his 
colleagues found that mortality rates of young 
children were important drivers of fertility 
rates, a finding that tallied with previous 
studies from around the world. “When child 
mortality is high, families tend to have more 
children, even ifnone of their own children 
have died,” says Adrian Raftery, a sociologist 
and statistician at the University of 
Washington in Seattle. “This may be proactive, 
to try to make sure that they do have a family.” 

Bareinboim is very excited about the 
group’s ability to obtain causal insights from 
observational data alone. “When that work 
came along, it was amazing,” he says. Peters 
and his collaborators are now using the 
invariance principle to paint a causal picture 
of biosphere and atmosphere interactions, 
with potentially dramatic consequences 
for our understanding of climate change. 

But like Pearson’s statistical analysis over 
acentury ago, it isn’t a silver bullet. To truly 
disentangle cause, effect and correlation, 
scientists will always need extra contextual 
information. Without knowing how 
beachgoers behave, for instance, or how 
doctors treat people with pneumonia if they 
have asthma, no analysis in the world could 
correctly parse even the largest data set. 

“The problem is the data-generating process,” 
says Athey, “not the limits of our brains.” I 


Ciaran Gilligan-Lee is a senior 
researcher at University College 
London and Babylon Health. 
Follow him @quantumciaran 
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Y JANUARY, when the world turned its 
Bees: to Australia’s bush-fire crisis, 

Murray Ings had been battling blazes 
near his home in the hills of northern New 
South Wales for months. A third-generation 
forestry worker and volunteer firefighter, Ings 
worked shifts of up to 16 hours, sometimes 
through the night, in apocalyptic conditions. 
It got so hot, the sand in the soil melted to 
glass, causing the ground to shine. “That’s a 
furnace,” says Ings. But what he remembers 
most vividly is the “haunting, piercing” 
screams of dying animals. “It’s the worst 
sound you can ever hear,” he says. 

With the fires now extinguished, parts of 
the native forest on Ings’s property resemble 
a wasteland. “In areas, we’ve lost the whole lot: 
all the trees, all the animals,” he says. That’s 
just on his 500 hectares. Across south-east 
Australia, some 19 million hectares burned. 
The federal government has set out a multi- 
million-dollar restoration programme. It is 
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Every dog 
has its day 


Conserving Australia’s dingo, a predator reviled for 
centuries, could be key to restoring fire-ravaged flora 
and fauna, finds Elle Hunt 


a huge task that could take decades — even if 
major fires don’t erupt again. 

However, amid efforts to restore Australia’s 
native fauna, one animal is expected to 
continue dying. Dingoes, a type of semi-wild, 
primitive dog, are widely considered pests, the 
threat they pose to livestock trumping their 
status as a native species. Yet there is mounting 
evidence that these apex predators play a key 
role in maintaining ecological balance. They 
might even be as central to restoring the bush 
as wolves have been in rewilding Yellowstone 
national park in the US. But for that to happen, 
Australians will need to put an end to centuries 
of bad blood with their native canid. 

It was thought that people brought the 
ancestors of the dingo to Australia from South- 
East Asia around 5000 years ago, although new 
evidence hints at a different origin story (see 
“What is a dingo?”, page 38). Regardless of how 
and when they arrived, dingoes were quickly 
integrated into Aboriginal communities, 


reared from pups to be pets, to help with 
hunting and to act as guards. On reaching 
maturity, however, these “camp dingoes” are 
thought to have gone into the bush to breed. 
This mutually beneficial relationship 
between people and predators ended abruptly 
with the mass arrival of European settlers in 
1788. Dingoes were the most obvious threat 
to their livestock, being one of just two large, 
land carnivores in Australia. The other, the 
thylacine, was confined to Tasmania by that 
time and was eventually hunted to extinction, 
as far as we know. “Dingoes were painted asa 
villain quite early on,” says ecologist Thomas 
Newsome at the University of Sydney. In the 
1880s, a barrier known as the “dingo fence” was 
built along some 5600 kilometres to protect 
the south-eastern corner of the continent. 
It is still maintained today, at an annual cost 
of A$io million (£5 million). As a pest control 
effort, it is without parallel, says Newsome. 
More recently, the dingo’s public image has 


become inextricably intertwined with one of 
the most sensational episodes in Australia’s 
recent history: the death of baby Azaria 
Chamberlain at Uluru in 1980. After 30 years 
and four inquests, a coroner eventually ruled 
that she had been taken from her cot bya 
dingo. This, anda few other attacks by dingoes, 
casts a long shadow, in which anti-dingo 
attitudes can thrive, says Newsome. Mike 
Letnic, a conservation biologist at the 
University of New South Wales, likens the 
“culture wars” over dingoes to that over 
badgers and foxes in the UK. “It’s fraught 
with all sorts of things: scientific uncertainty, 
‘i lots of politics, history,” he says. “It’s deeply 
intertwined.” 
Attitudes towards the dingo are certainly 
mixed. The vast majority of Australians, living 
on a sliver of highly urbanised coastline, 
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national species. But in rural communities, 
> anti-dingo sentiment still runs deep. 
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"Across Australia, the 
killing of dingoes is 
permitted, and in some 
States it is mandated 
under pest control laws" 


Most countries with apex predators have 
reached an equilibrium between conservation 
concerns and farmers’ interests — albeit often 
an uneasy one, as with the recent return of 
wolves to continental Europe. Australia has 
never come close. 

Across Australia, the killing of dingoes is 
permitted —andin some states mandated 
under pest control laws —in the name of 
exterminating “wild dogs” that roam the 
bush, preying on livestock and native animals. 
In legislation, the term wild dogs is applied 


equally to dingoes, feral domestic dogs and 
hybrids of the two. The fact that dingoes and 
domestic dogs can interbreed and produce 
fertile offspring only complicates matters. 
Even biologists can’t agree on how to classify 
dingoes. Six years ago, Letnic co-authored a 
paper arguing they should have their own 
species name: Canis dingo. So far, this has been 
contested or ignored, with dingoes generally 
being considered a subspecies of domestic dog 
or wolf. 

There is no doubt that wild dogs, dingoes 
included, area problem for farmers. Since 2014, 
the National Wild Dog Action Plan —a joint 
government and industry effort, funded by 
meat, wool and livestock bodies — has led the 
response, in coordination with state and 
territory-specific strategies. The plan estimates 
that wild dogs cost the agricultural sector 
A$89g million annually. Its coordinator, 

Greg Mifsud, describes the dingo as “simply 
a wild-living dog, a predator that attacks, > 
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What is a dingo? 


The dingo is generally 
accepted as anative 
Australian species, closely 
related to the New Guinea 
singing dog. The oldest 


confirmed dingo fossil dates 


to around 3500 years ago. 
There is no evidence that 
they ever inhabited 
Tasmania, an island to the 
south of the mainland, 
indicating that they arrived 


from South-East Asia before 


it separated from northern 
Australia approximately 
12,000 years ago. 

Until recently, they 
were thought to have been 
brought over by humans 
around 5000 years ago - 
perhaps just a single 
pregnant female singing 
dog, whose descendants 


then spread across Australia 


and developed their own 
characteristics over time. 


However, in 2016, genetic 


analysis revealed that there 
are two distinct dingo 


populations today: one 
in north-western areas of 
the country, the other in the 
south east. “That suggests 
that there were quite 
possibly two migrations 
into Australia, and that... 
the evolutionary history of 
dingoes was much more 
complicated than first 
thought,’ says Kylie Cairns at 
the University of New South 
Wales, who led the research. 
It also appears that the 
dingo’s origins are more 
ancient. Genetic analysis of 
when these two populations 
diverged suggests that 
dingoes arrived in Australia 
between 8000 and 
10,000 years ago. That has 
led Cairns and her colleagues 
to believe that separate 
groups of dingoes may 
have made their own way 
to Australia from Papua New 
Guinea, over a land bridge 
that became submerged 
around 8000 years ago. 


"Dingoes were thought to 
have been brought over by 
humans 5000 years ago” 
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In traditional 
Aboriginal 
societies, people 
and dingoes 
hada mutually 
beneficial 
relationship 


maims and kills”. However, he adds, the plan 
acknowledges the environmental and cultural 
significance of dingoes and only controls 
them where they “pose a risk or impact upon 
agricultural, biodiversity and social assets”. 

In practice, however, even where pest 
control policies aim to conserve dingoes, 
little distinction is made between them and 
feral domestic dogs. A good balance hasn't 
been struck, says Kylie Cairns at the University 
of New South Wales. “The biggest threat to 
dingoes is lethal control,” she says. “How are 
you supposed to conserve an animal when 
you also consider it a pest species that must 
be eradicated?” 


Poison rain 


Of particular concern is aerial baiting. The 
practice, which entails dropping meat laced 
with a controversial poison called 1080, is 
central to most wild dog control programmes, 
even in some national parks and state forests. 
This scattergun approach takes a huge toll on 
non-targeted species. What’s more, there is 
little evidence that it is effective at protecting 
livestock from dingoes in the long run. In the 
short term, however, baiting can decrease 
dingo pack size by as muchas 90 per cent 
and fracture their social structures. 

Dingoes are too adaptable and widely 
dispersed to be in danger of outright 
extinction. However, entire populations have 
already been eradicated from some regions, 
especially those dependent on farming; and 
there is a high risk of local extinction in others, 
especially in the south east. 

Mifsud says claims that wild dog control isn’t 
targeted are “simply untrue”. In fact, he argues 
that control is protecting dingo populations by 
limiting opportunities for cross-breeding with 
feral domestic dogs. Cairns doesn’t buy this. 
“It’s not helping the conservation of dingoes, 
to kill other dingoes,” she says. The presence 
of any domestic dog genes in dingoes, making 
them hybrids, has been “weaponised” against 
these animals, she says. “I think that lens has 
been really dangerous, because it means that 
we have a negative view of anything that isn’t 
strictly ‘pure’. And there’s no real ecological or 
biological reason why that necessarily needs to 
be happening.” 

Besides, Cairns’s recent research with Letnic 
suggests the issue of hybridisation has been 
overstated. Analysing the DNA of 783 wild 
dogs killed by pest control in eastern New 
South Wales, they found only five animals 
were feral domestic dogs with no dingo DNA. 
The majority were more than 75 per cent dingo, 
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For over a century, a fence 
has kept dingoes out of 
south-east Australia 


“indicating that they need those genes to 
live in the wild”, says Cairns. Moreover, one 
in four was “pure” dingo- suggesting that 
lethal control programmes are putting the 
genetic integrity of dingoes at risk. “We do 
have populations that are of really high 
conservation value, but we’re making no 
concessions to protect them,” says Cairns. 

Those vulnerable packs will soon be dealt 
another blow by the bush-fire recovery 
programme. Of the federal government’s 
A$50 million package, up to A$7 million has 
been earmarked for emergency interventions, 
including pest control. With habitats under 
pressure after the fires, vulnerable native 
species are at even greater threat from 
predation and competition from invasive pests 
such as feral cats and foxes. But dingoes will 
also suffer in the drive against those pests. In 
New South Wales, the plan is to drop1 million 
poisoned baits over vast swathes of burned 
and unburned bush in the coming year, as 
part of the biggest feral animal cull the state 
has seen. The state government’s strategy 
says “strict approvals and evidence-based 
guidelines are in place to mitigate the risks to 
native species and domestic animals”. But the 
target area includes known hotspots of pure 
dingoes, says Cairns. 

This isn’t just a conservation issue. Growing 
evidence indicates that by removing dingoes, 
entire ecosystems become unbalanced. 
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Comparing conditions on either side of the 
dingo fence, Letnic has found that the absence 
of these predators is linked to a dramatic rise 
in shrubs that cause trouble for farmers. In 
other research he found that dingoes control 
the number of kangaroos, which has a positive 
effect at all ecological levels, right down to the 
health of the soil. Kangaroos compete with 
cattle for grass, so this could benefit farmers 
too. And there is some evidence that dingoes 
Keep feral cats and foxes in check. 


Ecological balance 


The science is highly contested, however. 
“The potential ecological benefits of dingoes 
remain speculative,” says Mifsud. Letnic 
believes the response to dingo management 
needs to be more nuanced. “Dingoes are 
of value; they are also a pest. They can be 
both,” he says. However, he and other 
conservationists know it will be difficult 
to persuade people that dingoes should be 
preserved and encouraged to thrive. “We're 
talking about many generational legacies of 
this human-wildlife conflict —it’s not going 
to disappear overnight,” says ecologist Corey 
Bradshaw at Flinders University in Adelaide. 
Newsome believes that what is needed 
is a positive story about dingoes — like the 
one told about wolves in Yellowstone. 
Their reintroduction 25 years ago has hada 
transformative effect on that park’s ecosystem, 
increasing elk and deer populations, stabilising 
plant life and riverbanks, and boosting the 
economy by $35 million annually through 


ecotourism. As a mid-size, highly adaptable 
canid, the dingo is more analogous to the 
coyote than the larger wolf. Nevertheless, 
Newsome believes dingoes could play a similar 
role in ecological restoration. He has even 
come up witha plan to test this idea. He 
proposes realigning the existing dingo-proof 
fence to reintroduce dingoes to an area of Sturt 
national park, in north-western New South 
Wales, and then documenting their role in 
ecological change. He predicts that foxes and 
cats would suffer, kangaroo numbers would 
be better regulated, vegetation would return 
and soil quality would improve. As a result, 
populations of native insects, reptiles, birds 
and mammals would bounce back. “I feel 

like that’s a story that will help garner both 
ecological knowledge about the role of the 
dingo, but also what it can do if we were to 
stop controlling it,” he says. 

When Newsome published a proposal 
for his idea in 2015, he acknowledged that it 
would be a challenge. He was right. The plan 
encountered resistance at state and federal 
government level, and nobody would finance it. 
“It’s too politically charged,” he says. “You can 
get lots of money to work on how to control 
dingoes. In terms of studying them for an 
ecological role, it’s a bit harder.” 

Given the ecological damage done by 
last summer’s fires, this seems like a missed 
opportunity. What’s more, the ongoing 
eradication of dingoes may well be storing 
up trouble for the future. Bradshaw points out 
that Australia’s mammalian extinction rate is 
the highest in the world, with 34 species lost 
in the past 250 years, at a steady rate of one 
to two per decade. It is perfectly plausible 
that the dingo could go the same way, he says, 
“probably not anytime soon, but we’re not 
doing it any favours. And by proxy, we’re not 
doing our already degraded environments 
many favours either.” 

Although attitudes are starting to change, 
there is clearly along way to go. “There area 
lot of dingo [proponents] around, but we get 
persecuted, because we speak up about them,” 
says Ings. From high up on his mountain in 
dingo country, his view differs from many 
landowners. “There’s no other native animal 
that has been so persecuted,” he says. “It’s 
wrong — especially given how important they 
are to the ecosystem.” ff 


Elle Hunt is a writer and journalist 
based in London. She was a 
reporter for Guardian Australia 

in Sydney for three years 
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Maintaining 
mental health in the 
time of coronavirus 


From social isolation to working on the front line, 
covid-19 is posing serious challenges to mental health. 
Moya Sarner asks the experts how we can protect ourselves 


FTER weeks of complete social isolation, 
A: has undergone what psychiatrist 
Paolo Brambilla calls “a social 

experiment that has never been done before”. 
The country has suffered a massive death toll 
from the coronavirus, and has endured one 
of the strictest lockdowns in the world. The 
effects on the nation’s psyche will be profound, 
says Brambilla, who is at the University of Milan. 
This month saw half of the world’s population 
enter some form of confinement, and many 
people are facing the biggest threat to their 
health and livelihood in recent history. 

“We are seeing the spread of a virus, but 
we have also, from the very beginning, been 
seeing the spread of fear as well,” says Aiysha 
Malik, a psychologist at the World Health 
Organization. As well as having to wrap our 
heads around the threat of the virus itself, 
public and personal life has changed beyond 
recognition. The actions we have had to take to 
curb the spread of disease have left some of us 
struggling to cope with a lack of childcare while 
working, aloss of income, separation from 
family and friends, and serious health fears. 
For others, it has meant working on the front 
line, facing potentially traumatic experiences 
and making tough moral decisions. Whatever 
our situation, it’s time to look at what we can all 
do to limit the toll on our mental well-being. 

“People are facing a novel, threatening and 
unpredictable experience,” says psychiatrist 
Andrea Danese at King’s College London. “At 
the same time, people are losing important 
coping strategies for stressful situations, 
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enduring disruption in their routine and 
having to distance themselves from friends and 
families. They may also suffer the losses of loved 
ones. It is important to consider the longer- 
term implications of this emergency for mental 
health.” Ina survey published last week in The 
Lancet Psychiatry, people in the UK reported 
increased anxiety, depression and stress, and 
concerns about isolation. These were larger 
worries than the prospect of having covid-19. 
Taking these psychological costs seriously 
is critical, says Sandro Galea, a physician and 
epidemiologist at Boston University in the US. 
“The mental health impact is the next wave of 
this event, andI am worried that we’re not 
talking about it enough,” he says. “These issues 
are very real.” It isn’t too soon to start to tackle 
the fallout, says Malik. “Countries need to 
prepare for how they’re going to address 
mental health and psychosocial support, now.” 
How do we do that? In many respects, the 
situation is unprecedented, so we are dealing 
with the unknown. But there are ways to begin 
to make sense of things. Results are coming in 
from studies and reviews turned around at 
breakneck speed. We can also ground our 
thinking in previous research on the 
psychology of epidemics and quarantine, in 
the response to past events, including terrorist 
attacks and natural disasters, and in theories of 
trauma and resilience. On the following pages, 
we ask those working in mental health to share 
their understanding ofthe situation, and to 
offer their advice on how we can protect 
ourselves and our loved ones. > 


EIKO OJALA 
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HOW WE CAN ALL LOOK 
AFTER OUR MENTAL HEALTH 


Seven days after the UK went into lockdown, 
Richard Bentall, a clinical psychologist at the 
University of Sheffield, was in the middle of 
analysing the impact the week had had on the 
mental health of 2000 people in the UK. “I’ve 
never moved so fast on a piece of research — it’s 
extraordinary really,” he says. The people were 
representative of the nation’s adult population 
in terms of age, sex and household income. 
Each participant completed a standard survey 
about their levels of depression, anxiety and 
symptoms of trauma related to covid-19, with 
different people answering on different days 
that week. 

The results suggest that Prime Minister 
Boris Johnson’s announcement of lockdown 
on 23 March correlated with a spike in 
depression and anxiety. Prior to the 
announcement, 16 per cent of participants 
reported depression, and this rose to 38 per 
cent immediately following it. For anxiety, the 
proportion rose from 17 to 36 per cent. Over the 
course of the week, however, the level settled at 
around 20 per cent for both. “The population 
as a whole is looking pretty resilient,” says 
Bentall, although this could change as the 
spread of the virus progresses. 

The mental health impacts of the lockdown 
may vary by location. It will be different, for 
instance, for people living in large cities with 
no outside space and those in the countryside 
who have their own gardens, says Brambilla. 
This was borne out by Bentall’s survey, which 
showed that urban living was associated with 
a higher risk of depression and anxiety. There 
are many ways that the psychological impact 
of social isolation can play out, says Brambilla, 
particularly in very social cultures. Stress- 
related symptoms might include sleep 
disorders and gastric troubles, he says. 

“And, of course, the general level of anxiety 
and depression might increase. At the most 
extreme levels, we might expect an increase in 
the rate of suicide.” In Italy, at least two nurses 
treating covid-19 cases have died by suicide. 

The way that lockdown is implemented by 
governments can affect outcomes, according 
to research by psychiatrist Neil Greenberg at 
King’s College London and his colleagues. 

In late February, they published a rapid review 
of 24 papers on previous outbreaks including 
SARS, Ebola and the H1N1 swine flu, focusing 
on the mental health impact of quarantine. 
“If quarantine is done well, although it will 

be frustrating and a bit annoying at times, 

it needn’t cause long-term mental health 
problems,” says Greenberg. “But ifit is done 
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“If done well, 
quarantine need 
not cause long- 
term mental 
health problems” 


badly, it can have a profound effect on people’s 
lives, for months and years ahead.” While the 
paper was looking specifically at quarantine, 
which is different to lockdown or social 
isolation, “there are a lot of good lessons 

we can learn,” says Greenberg. 

The effects of quarantine were found to 
include anxiety, low mood, depression and 
symptoms of post-traumatic stress. “We would 
hope that most people who develop mental 
health problems will recover after a period of 
months without the need for treatment,’ says 
Greenberg. “But there’s no doubt that some 
people are going to need mental health care 
as a direct result of what is going on.” 

Several factors can make quarantine go well, 
psychologically speaking, according to the 
research. We need to understand the rationale 
and “buy into it”. Many of the negative effects 
of quarantine are associated with our loss of 


Feeling physically 
trapped can reduce our 
psychological space 


ALEX MAJOLI/MAGNUM PHOTOS 


liberty, whereas voluntary quarantine is much 
less problematic. So appealing to altruism by 
reminding people of the benefits to wider 
society can help. We also need access to basic 
supplies, we need to be able to communicate 
with others and have access to activities to 
Keep us occupied, and we need to feel that we 
aren't going to be financially incapacitated. 
And the quarantine should be as short as 
possible and for a fixed time. “We found that 
extending the period of quarantine once it has 
already been set is particularly detrimental to 
mental health,” says Greenberg. 

Loneliness will play a part for many 
during this time, but not necessarily in the 
way we might assume, says Farhana Mann, 

a psychiatrist at University College London. 

It is important to understand the distinction 
between isolation and loneliness. “Loneliness 
is a subjective sense that your social needs are 
not being met, while isolation is about being 
physically separated from others,” she says. 

“A person can be physically isolated and not 
feel lonely, while another can be surrounded by 
family but may feel lonely because of a lack of 
meaningful connection. Both are important 
considerations in this current crisis.” 

A recent survey conducted in the US by the 
American Enterprise Institute think tank over 
five days from 26 March found that 53 per cent 
of people reported feeling lonely or isolated at 
least once in the past week, and more than 
one-third reported feeling this at least a few 
times. As part of the Loneliness and Social 
Isolation in Mental Health Network, Mann and 
her colleagues are developing a study into the 
impact of the covid-19 crisis on people with 
mental health problems —and what measures 
may prove beneficial. “Previous research 
suggests that volunteering can help loneliness, 
both for the person being supported and the 
volunteer,” she says. “Volunteering to give 
people a phone call or delivering medicines 
safely could be ways to feel actively connected.” 

Social media is helping many to stay in 
touch with others while socially distancing, 
but it can also be harmful, says Rina Dutta at 
King’s College London, who researches social 
media and smartphone use among young 
people. Some may feel unable to stop looking 
for the most current news. “Because it is 24/7, 
it can become overwhelming, leading to 
obsessional preoccupation and fixation, and 
exclusion of other activities,” she says. This is 
always a danger, she points out, “but when we 
are not ina pandemic, we can encourage young 
people to get a balance between screen time 
and other activities such as seeing friends and 
going to the cinema -— now youcan’t do those 


things”. It is important to get creative, she says, 
and find safe, alternative activities that can be 
done at home, suchas exercise or board games. 

While this is undoubtedly a stressful and 
upsetting time, that doesn’t necessarily mean 
it will harm us psychologically, says Greenberg. 
It is important to remember that “distress and 
frustration are not mental health problems”, 
but anormal, reasonable and necessary 
emotional response to what is going on. Malik 
agrees. “This is anormal response, but it being 
normal doesn’t make it easy,” she says. 


THE STRAIN ON COUPLES, 
FAMILIES AND YOUNG PEOPLE 


In the first week of lockdown in the UK, couples 
therapy charity Tavistock Relationships saw a 
4O per cent increase in searches for its online 
services compared with previous weeks. 

To many people, it probably comes as little 
surprise that the demands of social distancing 
and lockdown amplify any problems ina 
relationship, and create new strains — 
especially when you add healthcare worries, 
childcare pressures, financial uncertainty 

and cramped living conditions to the mix. 

Couples often seem to share their anxiety 
through “unintended turn-taking”, says 
Tavistock Relationships psychotherapist 
Catriona Wrottesley. At a certain point, one 
partner might feel highly anxious, while the 
other feels calm, then they swap. “The anxiety 
is held within the couple system, but doesn’t 
necessarily lodge permanently with one 
partner or the other,’ she says. While this can 
be helpful in some partnerships, in others it 
can create conflict. “Ifa couple can’t manage 
a difference in response to anxiety or risk 
management, it can feel as if one is against 
the other. One partner can feel that the other 
doesn’t understand or care about them. That 
seems to be very common.” She adds that 
during a lockdown, when physical space is 
limited, an internal sense of psychological 
space can also feel restricted, and feelings of 
claustrophobia can build greater pressure — 
even for couples without children. 

Having children was also associated witha 
higher risk of anxiety and depression during 
the first week of lockdown in Bentall’s UK study 
(see “How we can all look after our mental 
health”, left). And there are particular 
characteristics of the covid-19 pandemic that 
make it acutely problematic for families, says 
Nicola Labuschagne, a clinical psychologist at 
the Anna Freud National Centre for Children 
and Families in London. “The coronavirus is an 
invisible threat, which makesitthatmuch >» 


ADVICE FROM 
THE EXPERTS 


Maintain regular rhythms: 
wake up, eat and go to sleep 
at the same time you normally 
would. Find a project to keep 
yourself going, whether that’s 
work, learning something new 
or reading Proust. Maintain 
connections with others by 
phone or online, and exercise 
once a day, preferably in 

green space, and always 
while social distancing. 


Richard Bentall, clinical psychologist, 
University of Sheffield, UK 


Limit your exposure to media 
stories about the pandemic - 
especially those with experts’ 
views about what is going to 
happen over the next three 
months — because it can 
cause anxiety. 


Neil Greenberg, psychiatrist, 
King's College London 


Think about the things you 
have done in the past that 
have helped you to feel a sense 
of calm and stability. For me, 
it’s reading. That is something 
| have always enjoyed, that I 
haven't often had time to do 
and I'm able to make space 

for now - in the silence of 
being at home. 


Aiysha Malik, clinical psychologist, 
World Health Organization 


Whenever you're on social 
media, think of your own 

and others’ mental health. 
Think about why and how 
you're using it. Is it benefiting 
you, someone else or is it 

just mindless scrolling? 

Be analytical and only share 
something when you've 
verified the source. Sharing 
fake news is so disturbing, 

it has a negative impact on all 
of us, especially on those with 
mental health problems. 


Rina Dutta, psychiatrist, 
King's College London 
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ADVICE FROM 
THE EXPERTS 


Remember that whatever 
you put into the atmosphere, 
you tend to get back - you 
have some control over that. 
At home, work as a team with 
your partner. Plan how you 
will use the rooms, when 
you will be together and 
when you will have your 
private space. Negotiating 
this can help you and your 
partner to feel cared for. 


Catriona Wrottesley, psychotherapist, 
Tavistock Relationships, London 


It is important to be honest 
and acknowledge your 
emotions, and it’s important 
for parents to be open and 
honest with their children. 
What isn't helpful is panic. 
Be factual, explain what the 
risk is, and what can be done 
to reduce it. Be responsive - 


answer questions when they’re 


asked, and use words and 
ideas that your children can 
understand. Parents are good 
at this, because they have lots 
of practice. 


Andrea Danese, psychiatrist, 
King’s College London 


Allow the chaos for a bit 

and then start to develop a 
structure in the home, so that 
the children feel sane and safe, 
and the parents feel sane and 
safe. Understand that this 
structure will be organic, 
which is a polite way of saying 
that it is likely to go tits up at 
some point. And go easy on 
yourself: this pandemic is 
unprecedented. The prime 
minister didn’t get this right 
straight away, and neither 
will we. 

Nicola Labuschagne, clinical 
psychologist, Anna Freud National 


Centre for Children and Families, 
London 
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more frightening,” she says. “This leaves 
parents ina state of perpetual anxiety, and that 
means they have to dig really deep in order to 
be able to manage their own anxiety, and in 
order to be able to manage their children’s.” 

Added to this there is the impact of the 
lockdown, including the closure of schools 
for most children, which leaves families 
feeling untethered. “What is having a really 
important impact on every family’s mental 
health is the complete change in structure,” 
says Labuschagne. “Parents are now having to 
re-establish different sorts of routines — and 
when you re anxious about a risk you cannot 
see, and about being able to pay bills, that is a 
tall order.” 

Children and teenagers may be 
disproportionately affected by ongoing events, 
says Danese. There are several reasons for this. 
“Starting from biology, their brains are still 
developing, and they may be less able to control 
their emotional responses, whether to events 
they perceive as traumatic or to worrying 
thoughts and uncertainty,” he says. “They may 
struggle with the alarming and sometimes 
conflicting messages on the news. And, even 
more than the rest ofus, they have had an 
unprecedented disruption of their normal 
experiences like education and socialising.” 

Young people are also feeling the effects 


“Young adults in 
the US reported 
much more 
frequent feelings 
of loneliness 
than older 
people” 


Establishing new 
routines can be 
hard for children 
and parents 


of loneliness. In the American Enterprise 
Institute survey, young adults reported much 
more frequent feelings of loneliness than older 
people, with 48 per cent of those aged 18 to 29 
saying they have felt lonely or isolated at least a 
few times in the past week, compared with just 
20 per cent of those aged 65 and older. 

Ona more positive note, Danese points out 
that the pandemic, as an event that is unrelated 
to interpersonal relationships — unlike, say, 
bullying or abuse — is typically associated with 
the lowest risk of developing mental health 
conditions. He is currently developing models 
for individualised risk prediction, to try to 
identify those young people who are generally 
likely to be less resilient and so more at risk 
of developing mental health problems. This 
would allow more resources to be allocated 
to those predicted to be most vulnerable. 


THE IMPACT ON 
VULNERABLE GROUPS 


These are undoubtedly tough times for 
everyone, but for certain groups the mental 
health impact is particularly concerning. 

“We are extremely worried about people with 
severe mental health problems, including 
schizophrenia, depression and bipolar 
disorder,” says Allan Young, director of the 


Centre for Affective Disorders at King’s College 
London. “We know that there is an annual 
spring peak in suicide and relapses in bipolar 
disorder, especially mania, and one of my great 
worries is that we'll have more of this.” 

For families with mental health problems, 
the situation can deteriorate very quickly, 
says Labuschagne. ‘A crisis like this can really 
exacerbate pre-existing conditions and 
pre-existing deficits in a parent’s ability 
to manage their emotions,” she says. 
“When that is escalated, with no outlet because 
everybody’s locked in together, it can be very, 
very difficult for children.” For many at-risk 
children, school is a place of safety and 
support. “The loss of school — not just the loss 
of routine, but also of particular teachers who 
can help children to have a good experience of 
managing anxiety — is crucial. think there 
could well be long-term negative effects of 
this,” she says. UK mental health charity Young 
Minds recently surveyed young people witha 
history of mental health needs and found that 
more than 80 per cent reported a worsening of 
their conditions as a result of the pandemic. 

Labuschagne and her colleagues work with 
families, offering intensive help at least twice 
a week. “These are the families we know are 
vulnerable, who are known to the local 
authority and to social workers because of the 
impact of the parents’ mental health on their 
ability to parent their children safely and 
consistently,” she says. “They do not have 
Wi-Fi, they are living in poverty, in two or 
three rooms, and they have children who 
are at serious risk of harm. These parents have 
openly expressed their frustration at not being 
able to cope.” The service has had to close its 
doors during this crisis, but staffare still 
working, calling families twice a week, and 
suggesting play activities and other strategies. 

Existing mental health inequalities, which 
particularly disadvantage people from low 
socio-economic and ethnic minority 
backgrounds, are also likely to widen during 
the pandemic. “We do project that this is going 
to have a significant impact, and amplify the 
existing mental health inequalities, and that 
these are going to be long-lasting effects,” 
says Stephani Hatch, a sociologist and 
epidemiologist at King’s College London. It is 
possible to get a sense of the impact on these 
groups by looking at research on previous 
disasters such as Hurricane Katrina, which 
struck the US in August 2005. “We know that 
unemployment, job loss and financial strain 
are very detrimental to mental health in the 
immediate, medium and long term, particularly 
as there is stress proliferation, which is when 


an acute stressor becomes a chronic strain 
over time because of the knock-on effects 
on relationships and finances,” says Hatch. 

Stephen Blumenthal, a psychologist at the 
Tavistock and Portman NHS Trust in London, 
also points out a worrying rise in calls to 
organisations that help people experiencing 
domestic abuse. 

The psychological health of people with 
addictions, too, will be under greater strain. 
Some people with alcohol and drug addictions 
are going to be isolated from friends and 
family, as well as sources of support such 
as Alcoholics Anonymous and Narcotics 
Anonymous, at a time when they are feeling 
particularly anxious, and there is serious 
risk of relapse. 

It is vital that vulnerable people can access 
help, says Blumenthal. “Troubled individuals 
need to be able to talk to professionals. Advice 
is not sufficient.” 


HOW DO WE PROTECT 
FRONT-LINE WORKERS? 


In Milan, Brambilla and his colleagues have 
created an outpatient service for healthcare 
workers at the local Policlinico Hospital that 
includes mental health support delivered 
remotely. “I’m worried about them,” he says. 
“Tt’s tough work, it’s stressful. They’re asking 
for help with anxiety, with insomnia, with 
depressive symptoms.” 

Experiences from the military can offer 
insights. “The challenges faced by troops 
include not just threats to their own life, but 
also threats to their sense of what’s right and 
wrong,” says Greenberg. Having spent more 
than two decades in the military, Greenberg 
now specialises in psychological resilience in 
organisations. “My interest is, how do you look 
after the mental health of healthcare workers 
in this pandemic?” he says. “We absolutely 
need to protect their mental health, and we 
also need them to save our lives. You can’t win 
awar unless you ve got people fighting on the 
front line.” People who deploy on military 
operations often find themselves stuck in a 
“horrible position of wanting to do the right 
thing, but not being able to do it”, he says. This 
violation of a person’s moral code through the 
actions — or inaction — they are forced to take 
can lead to psychological distress, a problem 
known as “moral injury”. 

Healthcare professionals, too, may find 
themselves in this position, unable to deliver 
the care they want because of the number of 
patients anda lack of staff and vital equipment 
such as ventilators. “Although the challenges > 
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are different, the actual impact on one’s 

sense of what’s right and wrong, and on one’s 
mental health, can be incredibly similar,” 

says Greenberg. Ina recent paper, he and his 
colleagues argued that if staff don’t have the 
right support, moral injury could lead to 
mental health problems among those dealing 
with covid-19, including depression and post- 
traumatic stress disorder. “It’s important to 
state that moral injury is not a mental illness, 
but it absolutely puts you in a place where you 
are psychologically more vulnerable,” he says. 

For healthcare workers whose mental health 
was already vulnerable, this is a particularly 
worrying time. Dutta provides treatment 
to health staff who have bipolar disorder 
and treatment resistant depression, and is 
continuing to do this remotely during the 
crisis. “The risk of their mental health 
spiralling downwards is very real,” she says. 

There are several ways to help reduce 
these risks and strengthen the resilience 
of healthcare workers. “Evidence from both 
military and non-military studies shows that 
the way people treat their staff is absolutely 
critical in determining whether they develop 
mental health problems,” says Greenberg. 
“Equally as important is whether staff seek 
help early to try to rectify mental health 
problems ifthey develop. It’s inevitable that 
staff will feel stressed, because it is a difficult 
situation —- but we mustn’t let those early signs 
of distress develop into moral injuries and 
mental health disorders.” 

Once problems have been identified, it is 
relatively easy for supervisors to step in, he 
says. Actions might include altering someone’s 
duties to give them some respite. Even just a 
5-minute chat with a colleague can help after 
a difficult experience. Greenberg cites a study 
by the Israeli military showing that the more 
such practices were applied when soldiers 
were having an acute stress reaction during 
the 1982 Lebanon war, the better their mental 
health was 20 years later. “What we need is for 
supervisors, managers and colleagues to be 
looking out for each other,” he says. “We need 
people to actively monitor those who are 
providing the front-line services.” 

This kind of thinking ties up with that of 
Lydia Hartland-Rowe, a psychotherapist at 
the Tavistock and Portman NHS Foundation 
Trust in London. She is helping to coordinate 
a project to support the well-being and mental 
health of 52,000 health and social care staff in 
London during the coronavirus crisis. This 
consists of online resources, brief and relevant 
podcasts, and email and telephone support for 
managers so that they can better support their 
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“During a crisis 
front-line staff 
want to share, 
connect and 
make contact” 


Residents in India 
applaud health 
workers during 
lockdown 


MONEYSHARMA/AFP/GETTY IMAGES 


teams. From events like the 2017 fire in 
London’s Grenfell Tower that left 72 dead 
and the 2005 bombings in the city that killed 
52 people, we know that front-line staff don’t 
want in-depth psychological work during or 
immediately after a crisis, but “to share, 
connect and make contact”, she says. 
Greenberg agrees that bonds between 
team members is key. “Some are saying that 
hospitals are at breaking point, that healthcare 
workers face an impossible task. But with 
good leadership and good camaraderie—and 
the right equipment — you can come through 
situations that might be described as 
impossible, and not only doa good job and 
survive, but also experience something we call 
post-traumatic growth. A feeling that you did 
well despite the circumstances. That you feel 
proud to bea healthcare worker.” # 


Need a listening ear? UK Samaritans: 116123 
(samaritans.org). Visit bit.ly/SuicideHelplines 
for hotlines and websites for other countries 


Moya Sarner is a freelance 
writer based in London 
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The power of 


community 
Immunity 


Unlike typical medicines, vaccines have the 
incredible superpower of protecting whole 
communities rather than just the individual. 
This is vital for protecting vulnerable people 
in our communities, such as cancer patients. 


e are acutely aware of 
the devastating impact 
cancer can have ona 
person and their family. 
But we often fail to relay that some 
cancer treatments can severely 
weaken the immune system. While 
many of us are forthcoming with 
fundraising and support campaigns 
for cancer patients, we must also 
remember to donate the invaluable 
power of community immunity. 
Community immunity (or ‘herd 
immunity’) is achieved when 
enough people in the community 
are vaccinated against a disease, 
rendering it unable to spread. For 
example, measles requires 95% of 
people to be vaccinated to ensure 
that it cannot spread if introduced 
to the community. 
In the UK, we are close to this 
for the first dose of the measles, 
mumps and rubella (MMR) vaccine, 
but, for the second dose, we have 
only reached a level of 86.4% (2018- 
19). Now, the vulnerable people 
in our communities are at risk. 
Accounting for approximately three 
people in every 100 among us, this 
includes those undergoing cancer 
treatment, those with autoimmune 
diseases such as Crohn’s, ulcerative 
colitis or rheumatoid arthritis, and 
those living with organ transplants 
or HIV. These people are already 
struggling with life-long conditions, 
and now they are also at risk of 
contracting measles and other 
infectious diseases. Worse still, 
these individuals are more likely 
to develop complications, need 
hospital care, and are more likely 
to die from infections. 


Dr Tonia Thomas 
Vaccine Knowledge 
Project Manager, 
Oxford Vaccine 
Group 


As well as protecting this 3% 
of people, vaccines protect those 
who are temporarily vulnerable to 
infections, like babies who are too 
young to be vaccinated, pregnant 
women, and the elderly. 


The societal benefits of choosing 

to vaccinate 

As asociety we must realise that 
those of us who are healthy have 
the privilege of choosing whether 
or not to be vaccinated, but at 
acost to those around us. By 
choosing not to protect ourselves 
and our comwmunities, we are 
endangering the lives of those 
who are not fortunate enough 

to have this choice. 


Sources: 1: Babadly, N. (2016). Laboratory 
Diagnosis of Infections in Cancer 
Patients: Challenges and Opportunities. 
Journal of Clinical Microbiology, 54(11), 
pp.2635-2646. 2: Files.digital.nhs.uk. 
(2019). Childhood Vaccination Coverage 
Statistics England, 2018-19. [online] 
Available at: https://files.digital.nhs. 
uk/4C/09214C/child-vacc-stat-eng-2018- 
19-report.pdf [Accessed 9 Feb. 2020]. 3: 
Varghese, L., Curran, D., Bunge, E., Vroling, 
H., van Kessel, F., Guignard, A., Casabona, 
G. and Olivieri, A. (2017). Contraindication 
of live vaccines in immunocompromised 
patients: an estimate of the number of 
affected people in the USA and the UK. 
Public Health, 142, pp.46-49. 
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Beyond childhood: 


the case for 
life-course 
Immunisation 


ls it possible to protect all populations from 
certain diseases, while keeping health system 
expenses within a reasonable range? Let's 
look at implementing a life-course approach 


to immunisation... 


he global population 
continues to age. In 2020, 
children under five years 
will be outnumbered by 
people of 60 or more years.! This 
means prevention of disease is 
becoming more important. A life- 
course approach to immunisation 
(LCI) promotes individual and 
population health, and emphasises 
the prevention of disease. So, what 
exactly is a life-course approach 
to immunisation? ‘The life-course 
approach to immunisation 
recognises the role of immunisation 
as a strategy to prevent disease and 
maximise health over one’s entire 
life, regardless of an individual’s 
age and includes all populations.” 
Worldwide, vaccines save 
between two and three million 
lives each year.? Immunisation is 
considered one of the most effective 
public health achievements of 
modern society. However, until 
recently, the target has only 
concerned children under five years 
of age, and little focus has been 
given beyond infancy. As research 
has shown, pregnant women, 
adolescents, older adults, people 
with certain chronic conditions, 
caregivers, healthcare professionals, 
and vulnerable and marginalised 
communities, face an increased risk 
of contracting vaccine-preventable 
diseases and can greatly benefit 
from an LCI approach.* While 
this is recognised at global level, 
progress within individual 
countries has been slow. 


How can LCI benefit 

communities as a whole? 

Improving immunisation rates in 
the community has the potential 

to protect vaccinated individuals 
and vulnerable populations, like 
children and immunocompromised 
individuals, who are at high risk 

of infections. Investing in an LCI 
approach on a health system level 
can support universal health 
coverage by reaching people who 
may not have access to primary 
healthcare services by providing 
infrastructure. An important 
feature and benefit of LCI is the 
indirect impact of some vaccines 
on antimicrobial resistance (AMR). 
Increased uptake of AMR-related 
vaccines throughout the life course, 
as acomplementary tool to mitigate 
the threat of AMR, is essential due 
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Laetitia Bigger 
Director, 

Vaccines Policy, 
International 
Federation of 
Pharmaceutical 
Manufacturers and 
Associations (IFPMA) 


to antibiotics becoming gradually 
less effective against resistant 
bacteria. It is critical to increase 
the uptake and coverage of existing 
vaccines, to prevent disease and 
reduce demand for antibiotics, 
safeguarding their effectiveness. 


Creating a healthy and 
prosperous society 
The World Health Organization 
(WHO) estimates the global 
yearly return on investments to 
vaccination is 12-18%°. For every 
€1 invested, the government gets 
back €4.02 of economic revenue. 
A greater vaccine uptake contributes 
to a positive impact on education, 
workforce productivity, and 
ultimately an increased GDP. 
Therefore, LCI reduces the burden 
on healthcare services, promotes 
healthy ageing and addresses 
health risks like infectious diseases 
and AMR, which impact the global 
economy. LCI is thus recognised 
a cost-effective intervention.’ 
Harnessing the benefit of 
LCI will require policy changes 
and innovative approaches. 
A report from The Health Policy 
Partnership supported by IFPMA?® 
showcases important lessons 
from six countries who are in 
different stages of implementing 
LCI. It identifies five key policy 
areas which, if accomplished, 
would lead to building healthier 
communities and nations witha 
strong vaccination foundation — a 
foundation of primary healthcare. 


References: 1: (World Health Organization), 
2: (IFPMA; Health Policy Partnership, 
2019), 3: (Delany, Rappuoli, & Gregorio, 
2014), 4: (IFPMA; Health Policy 
Partnership, 2019, p. 12), 5: Ibid p 4, 6, 9, 6: 
(Andre, et al., 2008), 7: (Supporting Active 
Ageing Through Immunisation (SAAT) 
Partnership, 2018), 8: (IFPMA; Health 
Policy Partnership, 2019, p. 18), 9: 

(IFPMA; Health Policy Partnership, 2019) 


* Read more at 
healthawareness.co.uk 
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Syneos Health is the only fully integrated biopharmaceutical organization 

purpose-built with a unique approach we call our Biopharmaceutical 

Acceleration Model", As the only company designed to accelerate the 

delivery of life-saving therapies by combining clinical and commercial lla Fev 

under one roof, Syneos Health is uniquely positioned to be a valuable “Caitl) 

partner for infectious disease and vaccine research, Our therapeutic Shortening the distance 
alignment gives us depth of expertise among our best-in-class infectious from lab to |ife* 
disease teams and deep partnerships with known and trusted sites and 

investigators across the globe. That’s why we were honored with a Vaccine 

Industry Excellence Award for best CRO of 2019, 
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Keeping vaccines as 


affordable as generic 
medicines: a matter 
of life and death 


Fundamental differences in developing 
vaccines and medicines mean that second 
generation vaccines are never going be as 
cheap as generic drugs, but there are still 


ways to reduce their cost. 


eneric medicines — budget 

versions of brand-name 

drugs — are often quite 

literally a lifesaver because 
they are affordable. Vaccines are 
just as critical, protecting against 
infectious diseases such measles 
and polio, yet we don’t have cheap 
generics for vaccines. 

This is because the biological 
nature of vaccines means the pro- 
cesses of manufacture, licensing 
and regulation are vastly different 
to medicines, leading to high fixed 
costs in development. 

Since a vaccine can be the 
difference between life and death 
for billions of people, pushing for 
change in the factors that keep 
vaccine prices high is crucial. 


Developing a vaccine never 

gets cheaper 

So why can we have generic drugs 
but not vaccines? Manufacturers 
of generic drugs and medicines 
need to follow the same chemical 
recipe as the brand-name version, 
but they don’t necessarily need to 
test the generics on people to see 
whether they respond to them the 
same way. 

A vaccine, however, is consid- 
ered to be a new biological entity, 
and must be tested on people, 
which is costly and time-consum- 
ing. With vaccines, manufacturers 
may have to repeat trials for any 
innovation they want to make, 
adding to costs. 

Along each step of production, 
hundreds of quality control steps 
are needed, raising costs and 
increasing timelines for produc- 
tion. All of this can send the cost 
of vaccine production soaring. 


Aurélia Nguyen 
Managing Director, 
Vaccines and 
Sustainability, Gavi, 
The Vaccine Alliance 


Making vaccines more 

affordable for all 

Since 2000, Gavi, the Vaccine 
Alliance, has been working to make 
vaccines accessible and affordable 
through innovative financing 
mechanisms such as committing 

to the purchase of a vaccine still in 
development, thereby reassuring the 
manufacturers that a market exists. 

However, newer vaccines can 
be more complex — for example, 
pneumococcal conjugate vaccines, 
which protect against diseases like 
pneumonia — and this can make 
them more costly. 

While funding programmes can 
lower the costs for poorer countries 
by subsidising the vaccines, ideally 
the cost to produce the vaccines 
would be lower in the first place. 


How to drive down vaccine costs 
Uncertainties about vaccine 
demand can mean manufacturers 
increase prices to ensure they get a 
return on their investment sooner 
rather than later. Introducing 
greater certainty of demand can 
therefore lower costs. 

Investing in ways of improving 
biological standards and assays 
to speed up investigation or 
proof-of-concept could lower 
costs too, as could new platform 
technologies to accelerate R&D and 
better regulatory science for faster 
approvals. These shifts along the 
value chain of vaccine production 
would ultimately help lead to 
cheaper vaccines for those who 
need them most. 


* Readmore at 
healthawareness.co.uk 


Pneumonia: the 


preventable health 


crisis the world 


has neglected 


Every year, 800,000 children die of pneumonia, a 


well-known but often-neglected disease. Though 


effective treatment and preventive vaccines 
exist, pneumonia remains the leading infectious 


cause of death for children. 


espite the high death 

toll, bacterial pneumonia 

— which is particularly 

serious for kids — only 
receives about 2% of global funding 
for neglected disease research and 
development.' Access to diagnostic 
tools and treatments like X-rays, 
antibiotics, or oxygen also remains 
achallenge, particularly in 
low-income countries where most 
pneumonia deaths occur. The best 
option for children in these areas 
is to prevent them from getting sick 
in the first place by giving them the 
vaccines they need. 


Pneumococcal conjugate vaccines 
have had major success in high- 
income countries 

One particularly important tool 

in the fight against pneumonia are 
pneumococcal conjugate vaccines 
(PCV), which have reduced rates 
of severe pneumonia by more than 
half in the high-income countries 
that have used them for nearly two 
decades. But, while this important 
tool exists, many communities 

in low- and middle-income 
countries still don’t have access 

to the vaccines, leaving millions 

of children without protection 
against this deadly disease. 

Thankfully, a new vaccine will 
soon be on the market that will 
help reduce this disparity and make 
PCVs available to more children. 
The availability of this vaccine will 
help alleviate one of the biggest 
barriers to sustainable access to 
PCVs that countries face - price. 

A new pneumococcal vaccine 
from the Serum Institute of India 
was recently approved for use by 
the World Health Organization 
and is expected to be 30% cheaper 
for low-income countries than 
existing vaccines. 


Lower-priced vaccines 

With the support of organisations 
like Gavi, the Vaccine Alliance, 
poor countries will be better placed 
than ever before to introduce 

these vaccines into their routine 
immunisation programmes. Gavi 
helps increase access to vaccines 

in low-income countries and has 
already supported 59 low-income 
countries to introduce PCVs, reach- 
ing more than 183 million children. 


Keith Klugman 
Director, Pneumonia, 
Bill & Melinda Gates 
Foundation 


ee 


Thankfully, a new vaccine 
will soon be on the market 
that will help reduce this 
disparity and make POVs 
available to more children. 


With the availability of amore 
affordable vaccine, countries will 
have more options to choose from. 
The lower price means they can 
free up valuable resources for other 
health or development priorities. 

There are encouraging signs of 
progress. Indonesia announced in 
January that it would make PCV 
part of its routine immunisation 
programme and committed to 
vaccinating four million children 
each year. Rolling PCVs out ina 
country like Indonesia, with a large 
population and a high burden of 
pneumonia, is a major step forward. 


Pneumonia prevention must 

bea priority 

Reducing deaths from pneumonia 
in the long-term will require putting 
pneumonia at the top of the global 
agenda and keeping it there. 

High-burden countries must 
make protecting children from 
pneumonia through well-function- 
ing primary healthcare systems 
atop priority. 

Donor governments must 
continue to generously fund 
organisations like Gavi to ensure 
countries have the support they 
need to introduce PCVs and sustain 
their use in every community. 

To create a world free of prevent- 
able disease, we must ensure every 
child can access these life-saving 
vaccines — no matter where they live. 


REFERENCES: 

1. Policy Cures Research. G-FINDER 2019: 
Neglected Disease Research and Devel- 
opment: Uneven Progress, Jan 2020. 
https://s3-ap-southeast-2.amazonaws. 
com/policy-cures-website-assets/app/ 
uploads/2020/01/30100951/G-Finder- 
2019-report.pdf 
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Science of cooking Week 17 


The Q&A 

Madeleine Goumas 
on the strange appeal 
of gulls p56 


Sweeter and sweeter 


Dulce de leche is a Supreme comfort food that is easy to make 
when you are stuck indoors, says Sam Wong 


BEING trapped inside has led many 
of us to rummage in our kitchen 
cupboards in search of inspiration. 
I suspect I’m not the only one who 
found a tin of condensed milk that 
I'm not sure why I bought. If you 
also have a neglected tin, there 

are few more delicious things you 
can make than dulce de leche. 

Meaning “sweet of milk”, dulce 
de leche is a kind of caramel sauce 
that is popular in South America. 
The traditional method begins 
with milk, but using condensed 
milk speeds up the process. 
Condensed milk is milk in which 
about 60 per cent of the water 
has been evaporated, and sugar 
has been added. Evaporated 
milk is similar but unsweetened, 
so it won't work for this. 

Remove the label and put the 
tin on its side ina large pot and 
cover with water. Then simmer 
it for 2 to 3 hours, depending on 
how dark you like your caramel. 

It is crucial the tin is submerged 
the whole time because this 
stops overheating causing a 
pressure build-up and a potential 
explosion. Liquid water won't 
exceed 100°C, soa submerged tin 
won't get hotter than this either. 

When the time is up, use tongs 
to take the tin out of the water. 
Make sure you let the tin cool 
completely before opening it, or 
else hot dulce de leche could shoot 
out. The sweetened milk will have 
turned into a thick brown paste 
that you can spread on toast or 
spoon on to fruit or ice cream. 

Strictly speaking, the reaction 
responsible isn’t caramelisation. 
This term describes what happens 


Sam Wong is social media 
editor at New Scientist. 
Follow him @samwong1 


What you need 
Can of condensed milk 
or 

Milk 

Sugar 


Next week 
The science of 
the perfect stir-fry 


All projects are posted at 


when sugar molecules break apart 
and generate a range of other 
flavour compounds. This happens 
only for sucrose — table sugar-—at 
temperatures above 170°C. 

Just as with caramelised onions, 
which I covered a few weeks ago, 
the chemical process here is the 
Maillard reaction. This occurs 
when sugars react with amino 
acids, the components that make 
up proteins, which are abundant 
in milk. The products are a range 
of flavoursome compounds. 

Maillard reactions happen 
at lower temperatures than 
caramelisation, but are quite 
slow until you get to about 120°C. 
In condensed milk, the high 
concentration of compounds 
for reactions and the prolonged 


Science of cooking online 


newscientist.com/cooking Email: cooking@newscientist.com 


cooking time can achieve 
browning even at 100°C. 

You can also make dulce de leche 
the more traditional way, witha 
litre of milk and 250 grams of sugar, 
gently simmered on the stove. This 
takes many hours but can be sped 
up with a teaspoon of bicarbonate 
of soda, which raises the pH, 
accelerating the Maillard reaction. 
Even so, it may take 2 hours, 
and needs frequent stirring. 

Alternatively, try cajeta, a 
version made with goat’s milk, 
which needs a mere 45 minutes or 
so of simmering. Goat’s milk is 
lower in lactose than cow’s milk, 
so it is less likely to burn, and has a 
higher concentration of various 
amino acids, which confer thermal 
stability and umamitaste. ! 
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Quick crossword #56 Set by Richard Smyth 
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ACROSS 
9 Furthest distance from 
which a sound may be 
heard (8,7) 
10 Type of electric battery (3,44) 
12 Pertaining to 
the open sea (7) 
13 Fruit of Ficus carica (6,3) 
15 Sense (5) 
16 Mathematical notation, also 
known as Reverse Polish (7) 
18 Net movement of solute 


DOWN 
1 Granular material (4) 
2 Of fish, not cartilaginous (4) 
3/23 Across/16/5 Note once 
reportedly made under the 
influence of NO, 
(1,5,2,9,8,10) 
Respiratory organ (4) 
See 3 
Cardiac__, heart failure (6) 
Exposes to O, (8) 
Loosens threaded 
fastener (8) 


ONO WU £ 


molecules through a 
membrane into a region 
of greater concentration (7) 

21 Duck, Somateria 
mollissima (5) 

23 See 3 Down 

24 Instrument that 
measures current (7) 

25 Online commentator (7) 

28 Selenographic location 
reference (5,10) 


11 Technology associated with 
Guglielmo Marconi (5) 

14 American songbird, 
Passerella iliaca (3,7) 

16 See 3 

17 Lees; silt (8) 

19 Forget-me-not (8) 

20 Employed (2,3) 

22 Rotary wings (6) 

25 Outer layer of a tree (4) 

26 g(4) 

27 South American ratite (4) 


Answers and the next cryptic crossword next week 
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Quick quiz #48 


1 Which white crystalline 
solid with the chemical 
formula C, ,H, is associated 
with the characteristic smell 


of mothballs? 


2 In differential calculus, 
velocity is the first derivative 
of displacement with respect 
to time, and acceleration the 
second. What is the third? 


3 Adipose tissue is an 
orotund way of describing 
which feature of our bodies? 


& The bacterium Bordetella 
pertussis is responsible 

for which respiratory 
infection that is especially 
common in young children? 


5 In the northern climes 

of Canada, where would 
you be if you had wandered 
into amuskeg? 


Answers below 


Cryptic 
Crossword #29 
Answers 


ACROSS 1 Isthmus, 5 Mired, 
8 Going, 9 Manumit, 

10 Tessellations, 11. Putrid, 
12 Preset, 15 Antiparticles, 
18 Tamales, 19 Ascot, 

20 Rides, 21 Sedated 


DOWN 1 Ingot, 2 Twinset, 

3 Magnetic poles, 4 Simply 

5 Monitor lizard, 6 Romeo, 

7 Data set, L1 Plaster, 13 Solicit, 
14 Crises, 16 Timid, 17 Sated 


Quick quiz #48 
Answers 
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Puzzle set by Rob Eastaway 


#56 Diffy squares 


Diffy is a subtraction game. You choose 

four whole numbers between 1 and 12 

and write them on the corners of a square. 

Then, you find the difference between 

numbers at neighbouring corners and write 

the answer at the midpoint (see above). 
Join the midpoint numbers to form 

a diamond, then repeat the process until 

you end with four zeroes in a square 

(which always happens, eventually). 

In the example, there are five squares, 

but with the right starting numbers you 

can get more than five. Your challenge 

is to find whole numbers between 

1 and 12 that will do this. 

¢ You are a high achiever if you get more 

than six Diffy squares. 

¢ You are a genius if you get 10 Diffy 

squares. 


Answer next week 


#55 Ton up 


The four parts that you divide 100 
into can be worked out as follows: 


100=A+B+C+D=(M-4)+(M+4)+(M/4) 
+(M x 4) for some value of M. 


You could rewrite that as 
100=M+M+%4M+4M=6%M, So 
400=25MorM=16. 


Therefore, the four parts are 
12,20, 4 and 64. 


Our crosswords are 

now solvable online 
Available at 
newscientist.com/crosswords 
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Universe in reverse 


Some weeks ago, New Scientist 
covered a physics theory that was 
even more mind-blowing than usual 
that suggested scientists may have 
spotted a parallel universe going 
backwards in time. Sadly for those 
of us who hanker for the non-self- 
isolated past, it didn’t seem as 
though it was taking passengers. 
One person who will be 
particularly disappointed with that 
news is whoever posted the story to 
the New Scientist Twitter account. 
For reasons no doubt to remain lost 
in the mists of (future) time, the 
majestic artwork commissioned 
to accompany the story in print 
was replaced on Twitter by a 
monochrome square of solid brown. 
An odd state of affairs, and one that 
prompted no small amount of 
head-scratching from our readers. 
"This backwards universe 
has obviously reached the 
1970s as it’s all brown,” said 
@Fredsmoustache, a sentiment 
echoed by @aspectacledbear, who 
asked: “Is that picture the colour of 
their bathroom suite?” Meanwhile, 
@AgitatedGeek took a more 
optimistic view of the whole affair, 
exclaiming: “BEHOLD, THE BEIGE 
DIMENSION”. Features editors, we 
have an idea for you! 


Keep your distance 
Feedback has always been fond of 


unusual systems of measurement. 


Planet weights measured in 
African elephants, sleeping bags 
twice the size of Wales, that kind 
of thing. Trouble is, the same 


units crop up time and time again. 


That’s why we have been pleased 
to see the social distancing 
guidelines providing fodder for 
anew generation of bizarre units. 

In Toronto, people are 
encouraged to stand one hockey 
stick apart, while in Colorado they 
are urged to use either a pair of 
skis or a refrigerator. Leon county 
in Florida explains that 2 metres 
corresponds to the length ofan 
alligator, while residents of the 
Yukon were given it in caribou. 
Our favourite, though, has to be 
the poster from Guatemala that 
apparently measures the distance 
out in tapirs. 


Exterminate covid-19 


Is there anyone in the universe who 
hasn’t heard about the coronavirus 
pandemic? If goings-on in the 
North Yorkshire village of Robin 
Hood's Bay are anything to go by, 
apparently not. One resident filmed 
a health and safety announcement 


Twisteddoodles for New Scientist 


WHERE AM 1? 
/ 


& 


A virus! BuT TAM 
NOT SUPPOSED TO BE 
IN A PEOPLE! 


rh 


being broadcast from a motorised 
vehicle doing the rounds of the 
village. Not just any motorised 
vehicle, though, but a Dalek. “By 
order of the Daleks,” it screeched, 
“all humans must stay indoors, all 
humans must self-isolate.” If the 
most nefarious Doctor Who villains 
ever are looking out for our 
well-being, things must be grim. 


Thanks from our tank 


An especial thank you goes to 
14-year-old reader Esmé Krom, 
who has mastered the art of 
cheering up other people — and 
indeed the art of, well, art. Esmé 
sent in a drawing inspired by a 
recent Feedback in which we outed 
ourselves as “an intelligent and 
overachieving octopus kept in an 
ornate tank at New Scientist HQ 
with access to a typewriter, an 
encyclopaedia, the day’s papers 


oe 
ARRGGGHIM 
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When @ virus jumps species, the virus 
and host immune system Sometimes 
overreact. @twisleddoedles 


YOU ARE IN A PEOPLE, 
WHO ARE YOU? 


O 
: 


YOURE A 
NEW ViRYS?! 
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”“ 
\ 


and aconstant supply of artisanal 
coffee to help it churn out 
witticisms with just the right level 
of snark to be acceptable to its 
overbearing editor”. Her resulting 
portrait can be found in the 
bottom left corner of this page, as 
well as stamped on to every item 
of crockery Feedback possesses. 


Cat opportunity 


Working from home is all very well 
for some. Feedback, for instance, is 
perfectly comfortably typing away 
from inside its tank with an ornate 
golden whibble on the top. But for 
some people - NASA engineers with 
live-in pets and important remote 
spacecraft to steer - things aren't so 
rosy. “Actually discussed in a virtual 
meeting today: how to keep cats 
from accidentally commanding 
spacecraft,” tweeted NASA 
astrophysicist Amber Straughn. ! 


Got a story for Feedback? 

Send it to feedback@newscientist.com or 

New Scientist, 25 Bedford Street, London WC2E 9ES 
Consideration of items sent in the post will be delayed 
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Rainy residue 


My windows are cleaned every 
four weeks, and normally stay 
sparkly. But recent heavy rain has 
left a deposit on them. What is it? 


Thomas Cox 
Inverness, UK 
Most rain forms in the 
troposphere, the lowest layer 
of our atmosphere. Here, water 
vapour cools and condenses 
around particles in the air, 
eventually forming clouds. 
When droplets become too heavy 
to be supported by air pressure, 
they fall to Earth as rain. 
Inacloud, microscopic dust 
particles kicked up by sandstorms 
are what water vapour condenses 
onto. Most of the dust in the Uk’s 
extensive rainfall comes from the 
Sahara desert. When it lands on 
windows, the water evaporates, 
leaving the dust particles behind. 
This could be the source of the 
deposit you found on your 
windows after heavy rain. 


Mike Follows 

Sutton Coldfield, 

West Midlands, UK 

This is so-called blood rain, 
which happens a few times a 
year. It sometimes occurs when 
high winds or storms over the 
Sahara desert lift dust high into 
the atmosphere. 

A southerly wind can carry 
this dust to the UK, and any 
rainfall washes it out of the air 
and onto Earth’s surface below. 
When the water evaporates, it 
leaves a fine layer of red dust, 
which gives the rain its name. 

While it can annoy those 
who have just cleaned their cars 
or windows, this dust may help 
regulate our climate. When it 
lands in oceans, the dust can 
provide essential nutrients for 
the growth of phytoplankton, 
sometimes creating algal blooms 
that can be seen from satellites. 

Phytoplankton are algae that 
sit at the bottom of the marine 
food chain. They do the same 
job as green plants on land by 
absorbing carbon dioxide from 
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This week’s new questions 


Hair loss gain Does male baldness convey any evolutionary 
advantage? Chris Lee, Norwich, Norfolk, UK 


Ant funeral Ileft an empty plastic laundry basket on the lawn. 
Later, ants dropped dead companions into it. Where do ants 
bury their dead? Jane Russell, Burton-on-Trent, Staffordshire, UK 


the atmosphere. Because the dust 
particles make the phytoplankton 
heavier, they then sink to the 
ocean floor faster. This helps 
remove carbon dioxide from 

the atmosphere, as part of the 
biological carbon pump. 

Scientists are experimenting 
with artificial ocean fertilisation 
to increase the removal of carbon 
dioxide from the atmosphere. 
Saharan dust also delivers vital 
phosphorus and other fertilisers 
to the depleted soils of the 
Amazon rainforest, as well as 
smaller quantities of these to 
some other regions. 

It would be interesting to see 
ifthe frequency and intensity of 
desert dust storms increase ina 
warmer world. 


Kate Potter 

Leicester, UK 

Dust storms in the Sahara can 
lead to sandy deposits on cars 
and other surfaces. The same 
phenomenon happened to me 
a couple of years ago. 

After a very big storm with 
south-westerly gales, our windows 
and cars were covered in a white 
residue. I rubbed some onto my 


finger and licked it. It was salt. 
Ican only assume that, even 

as far from the sea as we are in 

Leicester, salty aerosols from the 

huge waves on the coast had been 

lifted into the atmosphere and 

then deposited inland by rain. 


Anthony Woodward 

Portland, Oregon, US 

Rain has to be dirty. Water droplets 
in clouds form when water vapour 
changes into liquid water around 
a condensation nucleus, such as 

a tiny particle of dust or soot, or 

a flake of salt. 

These coalesce to create clouds 
and ultimately fall as rain. Whena 
raindrop eventually hits a surface, 
its impact can release the 
substances it contains. 

The water then evaporates, 
leaving behind what it gathered 
on its journey. Perhaps you can 
console yourself by considering 
the long and complex odyssey 
ofa raindrop. 


Do ants have a way to 
dispose of their dead 
colony members? 


Bless you 


Rather than sneezing once or twice, 
some people do so again and again. 
My partner often sneezes 20 or 30 
times in succession. Is this common, 
and is there any explanation? 


Millie Hughes 
Amersham, Buckinghamshire, UK 
There is a little-known condition 
called photic sneeze reflex, or 
autosomal compelling helio- 
ophthalmic outburst (ACHOO) 
syndrome. It occurs in response 
to certain stimuli: for example, 
when you are first exposed to 
bright light after your eyes have 
adjusted to the dark. 

Some estimates claim it 
affects between 18 and 35 per cent 
of people. However, the genetic 
basis for the disorder hasn’t been 
isolated or studied in detail, so not 
much is known about it. What we 
do know is that it is inherited ina 
dominant manner, therefore only 
one of your parents needs to have 
it in order for you to have it too, 
and it isn’t dangerous. If this is 
what causes their many sneezes in 
arow, it is more likely to annoy you 
than cause your partner any harm. 


Brian Pollard 
Launceston, Cornwall, UK 
Ihave the same problem and my 
father did as well, so it may have a 
genetic component. Ifthe sneezing 
occurs at any time and appears to 
have no environmental trigger, it 
is probably non-allergic rhinitis. 

A palliative that works for 
me is an antihistamine nasal 
spray, which implies the cause is 
oversensitive nerves in my nose. A 
sniff of decongesting oils dabbed 
on the end of my finger also helps 
me clear the mucus that often 
builds up after a few sneezes. fi 


Want to send us a question or answer? 

Email us at lastword@newscientist.com 

Questions should be about everyday science phenomena 
Full terms and conditions at newscientist.com/lw-terms 


New 
Scientist 


Jobs AS hg 


Putting brilliant [4 Time to 
minds to work | ‘ bringyyour 


/ sgaree?tollife 


Sign up for the latest Jobs, courses and 
career advice fr 


Sign up, create your own job alerts and discover 
the very best opportunities in STEM at 


Recruitment advertising 
Tel +44 (0)20 7611 1204 . 
Email nssales@newscientist.com 


@science_jobs #sciencejobs ‘ \ 
newscientistjobs.com @science_jobs #sciencejobs 


geém Explore sustainability 


University 


We provide a range of industry relevant MSc and CPD opportunities 
across the Environment, Agrifood and Water sectors. 


We are recognised worldwide for our research and teaching in plants, 
soil, water and air. 


Across the University we have received the Queen’s Anniversary 


Prize on six occasions, including in 2017 for our research and 
education in soil science. 


Find out more about sustainability at Cranfield: 
www.cranfield.ac.uk/studysustainability 


newscientistjobs.com 25 April 2020 | New Scientist | 55 


The back pages Q&A 


Gulls aren't the food-stealing menaces 
you might think. They are actually 
fascinating and complex creatures 

that we don’t really understand, 
says Madeleine Goumas 


So, what do you do? 

I’ma PhD student at the Centre for Ecology 
and Conservation at the University of Exeter. 
I study the behaviour of urban-living herring 
gulls with a focus on their interactions with 
humans.! do alot of staring at gulls. 


What's so interesting about gulls? 

Herring gulls interest me because, despite a rapid 
national population decline, they seem to be doing 
relatively well in urban areas. A seabird that is able 
to adapt to urban life is quite intriguing. They also 
have a lot of distinctive behaviours and calls, 

so there is alot to observe and decipher. 


Gulls often get a bad press. 

Are they misunderstood? 

I think they are. From a gull’s perspective, 

aroofis a great nesting site-they don’t know 
that they won't be welcome. They may be loud, 
but they call to communicate with other gulls, 
not to be annoying. And in the summer, they 
protect their chicks, just like any human would 
protect their children. They aren’t mind-readers, 
so they can’t know you aren’t going to attack them. 
And as many people do attack and kill both adults 
and chicks, their defensive behaviour is hardly 
unwarranted. When it comes to taking food, I see 
them as being similar to an untrained dog: a big 
portion of food is just too tempting to turn down. 


Whatare your best gull facts? 

Gulls are long-lived birds, with some living for 
decades. Herring gulls are monogamous and 
usually pair for life, with both sexes incubating the 
eggs and feeding the chicks. They can recognise 
their mates and their chicks, but can also recognise 
their neighbours. Occasionally, herring gulls will 
adopt other gulls’ chicks, but more commonly, 
they will defend their own chicks from intruders. 
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What are you working on right now? 

Right now, we are all on lockdown, so no one 

is doing any fieldwork. I have had to change my 
plans, but we are all in the same boat. 1 am currently 
writing a paper that builds on our previous research 
showing that herring gulls tend to dislike or avoid 
being looked at by people. I’m also co-writing a 
literature review on wild animals’ interactions 
with humans and using the time inside to get 
some new computer-based modelling skills. 


How did you end up working in this field? 
After graduating from the University of Exeter 
with a degree in zoology, I knew! wanted to 

do research, and I was interested in studying 
animal behaviour. I have always had a particular 
interest in birds, and moving to a coastal town 
in Cornwall meant I was suddenly close to lots 
of herring gulls. Most other wild animals can’t 
be approached very closely, so I thought they 
would make a great subject to study. I approached 
my now supervisors to ask them to supervise 
me ona master’s project, which has now 

turned into a PhD. 


What's the best piece of advice 
anyone ever gave you? 
Don’t be afraid to be wrong. 


“Gulls are like 
untrained dogs: 
a big portion of 
food is just too 
tempting to 
turn down” 


If you could have a conversation with any 
scientist, living or dead, who would it be? 
It may not be very original, but I would love to talk 
to Charles Darwin. He gets a lot of criticism from 
evolution deniers for not getting everything right, 
but the fact that he was right about so many things 
and was able to make accurate predictions despite 
having much less information than we do now 
shows how insightful he was, which is why I 
think he would be such an interesting person 
to talk to. He had many adventures and!I’m 
sure he would be keen to hear how the field 
of biology has progressed. 


How useful will your skills be after 
the apocalypse? 
It depends how many gulls there still are! 


OK, one last thing: tell us something that will 
blow our minds... 

It is probably difficult to blow the minds of science 
magazine writers and readers, but there will always 
be things some people don’t know or haven’t 
thought about. How about this? You are more 
closely related to a tuna than a tuna is toa shark. 
Or, you are living closer in time to Tyrannosaurus 
than Tyrannosaurus was to Stegosaurus. # 


Madeleine Goumas is a PhD student at the Centre for 
Ecology and Conservation at the University of Exeter, UK 
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